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Abstract 
 
Two families of brown macroalgae that occur in sympatry dominate 
temperate subtidal rocky coasts: the Laminareales, and the Fucales. Both of these 
families are habitat-forming species for a wide variety of invertebrates and fishes. 
Variation in the presence, density, and composition of brown macroalgae can 
have large influences on the evolution and ecology of associated organisms. 
Here, using a series of observational and experimental studies, I evaluated the 
effects of heterogeneity in the composition of brown macroalgal stands at the 
population and community levels for reef fishes.  
A central ecological challenge is the description of patterns that occur at 
local scales, and how these are manifested at larger ones. I conducted further 
sampling across a set of sites nested within locations over three regions, Juan 
Fernández Islands (Chile), Northern New Zealand, and Tasmania (Australia), to 
evaluate patterns of variation in the diversity and composition of fish 
assemblages. Specifically, I explored spatial variation in fish assemblages as a 
function of rocky reef habitats (dominated by brown-macroalgae) and other 
sources of variation (abiotic and biotic factors) that potentially mediate the 
relationship between fishes and reef habitats. Analyses suggest that spatial 
variation in diversity (e.g., species and trophic) may be explained by spatial 
variation in depth, temperature, and composition of macroalgal habitats. At each 
location, only 2-3 families dominated the composition of fish assemblages, but 
species identities varied among locations.  In a subsequent study, I assessed the 
fish-habitat associations from sites within the Juan Fernández Islands, an isolated 
eastern Pacific Island that lack large brown macroalgae.  I found that, despite the 
close proximity of these Islands to the South American continent, fish 
   
 
assemblages were mostly composed of endemic representatives from families 
that dominate the fish assemblages in New Zealand and Australia. Spatial 
variation in depth and temperature did not contribute to the observed variation in 
fish abundance. Instead, I found that benthic habitat-forming species 
(particularly foliose brown macroalgae) appeared to limit the abundance of some 
reef fishes. These results suggest that a mixture of large-scale (e.g., stochastic 
recruitment) and small-scale processes (i.e., relating to habitat heterogeneity) 
influence the diversity, composition and abundance of fish assemblages. 
Subsequently, I evaluated relationships between reef fishes and 
macroalgae composition across multiple sites, surveyed repeatedly over four 
seasons. I found that fishes were associated with different components of 
heterogeneity in macroalgal habitats, potentially indicating interspecific 
partitioning of resources that may arise from differential feeding habits and size-
susceptibility to predation. Seasonal variation in the fish-habitat associations was 
detected, and site differences in macroalgal composition explained significant 
variation in the local diversity of fishes.   
Using a series of small-scale lab and field-based manipulative 
experiments, I determined the demographic and behavioural responses of reef-
associated fishes to heterogeneity in the composition of brown macroalgal 
habitats.  I found that (i) different fish species distinguished between 
monospecific macroalgae stands (macroalgal identity affected the abundance of 
7 of 15 reef fish species); (ii) there is within-species variation in the response of 
fishes to macroalgal composition (suggesting ontogenetic habitat shifts); and (iii) 
the abundance of 5 of 7 reef fish species, and the overall structure of the local 
fish assemblage, varied with the composition of mixed-species macroalgal stands. 
   
 
Lastly, I evaluated the potential for fishes to provision demographic 
feedbacks to macroalgae.  Specifically, I conducted a mesocosm experiment to 
evaluate the effects of fishes on grazing amphipods, and therefore, the potential 
indirect-effects of fishes on large-brown macroalgae. I found that only one of the 
two fish species studied reduced grazer abundance. Although the second fish 
species did not consume grazing amphipods, its presence altered amphipod 
behaviour to significantly reduce grazing efficiency on the macroalgal-host.  
This study illustrates how density and trait-mediated indirect interactions can 
have similar effects on primary producers.   
Overall, my observational and experimental components of this thesis 
emphasize the influence of heterogeneity in macroalgal structures on the breadth 
of habitat use for reef fishes at multiple locations. I found strong behaviourally 
mediated linkages between the abundance of reef fishes and composition of 
macroalgal stand. I also provide some evidence that mutualistic relationships 
may exist between kelp and associated fishes. 
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CHAPTER 1 
Effects of macroalgal habitats on the community and population structure 
of temperate reef fishes: Introduction, overview, and thesis structure 
 
 
 
Fish are the most abundant vertebrates in both marine and fresh water 
environments, with more than 28,000 representatives (Nelson 1984). Almost 
60% are marine species for all or part of their lives (Moyle and Cech 1982).  
Fishes represent a paraphyletic group and the most recently evolved are the 
Actinopterygii (ray-finned fishes).  The diversity of the fishes reflects the great 
variety of habitats that are available for their distribution and speciation (Kramer 
et al. 1997). Within habitats fishes also occupy almost every possible feeding 
role, from detritivore to herbivore to carnivore.  Fishes also exhibit considerable 
diversity in their reproductive modes, life cycles, and dispersal abilities. These 
differences have important implications for patterns of distribution and 
abundance at both local and regional scales (Macpherson et al. 2009).  
Suitable habitat is essential to the ecological and evolutionary success of 
most organisms including fishes (Kramer et al. 1997; Beck 2000). Particular 
habitat attributes may shape local population densities (Choat and Ayling 1987), 
survival rates (Anderson 1994; Tolimieri 1995), dispersal patterns of adults, and 
recruitment dynamics (Carr 1991; Carr 1994).  Biotic habitats such as 
macroalgae are often important for fishes, providing refuge from predators, and 
food (either directly or indirectly, by facilitating higher concentrations of prey; 
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(e.g., Taylor 1998b; Edgar et al. 2004b)).  Similarly, positive demographic 
feedbacks from fishes to habitat-forming organisms (e.g., seaweeds) have been 
described, as some fishes may facilitate vegetative structures via consumption of 
important grazers (Davenport and Anderson 2007; Newcombe and Taylor 2010). 
Given that the distributions and local abundances of ecologically and/or 
economically important species may depend upon suitable habitat, a mechanistic 
understanding of the effects of different habitat components on population 
demography and collective fish communities is essential for the successful 
management and/or conservation of many species.  
 
1.1 The focal habitat: temperate reefs and the large-brown macroalga 
 
Habitat heterogeneity is an important indicator of species interactions 
with the surrounding environment. Temperate reefs may be comprised of a 
mixture of habitat types, including brown macroalgae, sand, and boulder 
interstices.  These habitat types contribute to a heterogeneous landscape (Connell 
and Irving 2008), and in this landscape, motile organisms may encounter patches 
that vary in quality.  Organisms may perceive the quality of a particular habitat 
depending on their requirements for food, protection, and potential for 
interactions with other resident organisms.  Organisms may then distribute 
themselves in habitats that minimize costs and maximise rewards (Bélisle 2005).   
Large brown seaweeds are among the best-known forms of macroalgae. 
They inhabit nearshore environments of most temperate coasts (Dayton 1985a).  
Two orders comprise the assemblage of large brown algae: the Laminariales and 
Fucales (Schiel and Foster 1986). There are around 30 genera, which vary in size, 
morphology, and life−span. They are particularly abundant where the water 
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temperature is generally lower than 20°C, often forming dense stands, with 
individuals of some species reaching more than 30m in length (Schiel and Foster 
2006). Attached to the substratum by holdfasts, stands of large brown 
macroalgae often provide important three-dimensional structure in subtidal 
environments.  They remain erect by stiff stipes, thick cell walls, and/or 
pneumatocysts (gas bladders), depending on the species (Fig. 1.1).  Communities 
of large brown macroalgae are typically highly productive, and sustain some of 
the most diverse and dynamic ecosystems on earth (Graham et al. 2007b).  Their 
holdfasts represent areas for feeding, refuges from predators and settlement 
habitats for a variety of organisms (Vásquez and Buschmann 1997; Vásquez et al. 
2001).   
 
Figure 1.1 Fronds and holdfast of abundant large brown macroalgal species in 
subtidal environments around New Zealand.  Laminareales: a) Macrocystis pyrifera, b) 
Lessonia variegata, c) Ecklonia radiata; Fucales: d) Carpophyllum maschalocarpum 
and e) Cystophora retroflexa. Scale bars = 500 mm (Photo credits: E. Macaya and A. 
Pérez-Matus) 
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Communities of large brown macroalgae are characterized by numerous 
species, which vary in space and time. The factors that explain changes in 
organization of macroalgal communities include: (a) variable life-histories (e.g., 
annual vs perennial species); (2) competitive interactions (within and between 
species); (c) herbivory, particularly dislodgement by grazing sea urchins and 
consumption by mesograzers; and (d) physical factors (i.e., variation in 
temperature, nutrient levels, light, degree of exposure to wave action and bottom 
relief) (for reviews see:  North 1971; Schiel and Foster 1986; Schiel 1988; Schiel 
and Foster 2006; Graham et al. 2007b).    
 
1.2 Consistent patterns of abundance of reef fishes among multiple sites  
 
A major goal in ecology is to identify processes controlling species 
abundance over large scales.  Early studies in coral reef systems considered that 
assemblage structure of reef fish was stable through time and space, placing 
competitive interactions as the primary mechanism that determined the fates of 
individuals, and the structure of populations and communities (Smith 1978).  
More recently, observations of dramatic spatio-temporal variation in reef fish 
assemblages has spawned the idea that variable recruitment is a primary 
mediator of reef fish population and community structure (Sale 1980; Sale 1988).  
Debate continued and expanded among reef-fish ecologists, many of whom 
attributed the unpredictability of fish - habitat associations to stochastic 
processes such as recruitment (Sale et al. 1994).  However, more recent studies 
have suggested that the contribution of recruitment may be a scale-dependent 
phenomenon (e.g., White and Caselle 2008).  
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Considerable variation has been documented for the effects of habitat on 
fish populations (Syms and Jones 1999; Valesini et al. 2004).  Some of the 
apparent discrepancy among studies may arise from different categorizations of 
habitat.  For example, Holbrook et al. (2000) describe broad habitat groupings 
(i.e., coral, sand, kelp), which are often used by scientists to characterize a 
particular habitat.  These broad groupings, coupled with the scale of observations, 
can obscure specific habitat requirements of some fish species (Holbrook et al. 
2000).  Other authors have noted that fishes may be responding to spatial 
variation in habitat variation (e.g., Ohman et al. 1997; Valesini et al. 2004; 
Pérez-Matus et al. 2007; Wellenreuther et al. 2007; Williams et al. 2008).  
Whether these associations are able to predict large-scale (regional) patterns of 
abundance and diversity of reef fishes is still unknown.  Generally speaking, 
however, a consensus exists regarding the positive effect of habitat on fishes, 
particularly early in their life-history, e.g., at recruitment and for subsequent 
juvenile-adult stages, although much of this evidence comes from studies that 
were conducted at small spatial scales (McDermott and Shima 2006).  These 
observations made at small spatial scales may not be sufficient to predict 
abundance at larger-scales, where, in general, oceanographic processes appear to 
play a greater role in demographic patterns (Caselle and Warner 1996; White and 
Caselle 2008). Contrary examples suggesting reasonable relationships between 
observations from small- to large scales are limited, and appear to be species 
dependent (but see, Munday 2002).  
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1.3 Role of large brown-macroalgae in controlling the distribution and 
abundance of temperate reef fishes   
  
The physical structure of large brown macroalgae may provide food (or 
feeding areas), refuge from predators, and mating sites for a wide variety of 
fishes.  Asssociated fauna may use the same structures of a seaweed for different 
purposes, or they may partition their activities among different components of an 
individual seaweed (e.g., fronds may be used for refuge/shelter, holdfasts for 
feeding sites) (Steneck et al. 2002; Christie et al. 2007).  The surfaces of 
macroalgae harbour dense and diverse populations of motile organisms, 
including amphipods, isopods, gastropodos, polychaetes and copepods, 
collectively known as epifauna. Congruently, different macroalgae (with 
different architecture) sustain different associated fauna.  For example, fronds of 
Carpophyllum species are small, numerous and dense, and greater complexity 
provides additional space for a wider range of epifauna.  In contrast, Ecklonia 
species have relatively fronds and a single stipe, which leaves the fronds more 
exposed to wave action and provides comparatively little space for epifauna 
(Taylor and Cole 1994).  Specific macroalgal features vary spatially and 
temporally.and consequently the associated fauna vary over short distances 
(Graham 2004).  This variation may depend upon local environmental conditions 
(e.g., degree of wave exposure), herbivory, competition, or be a function of the 
phenotypic traits of the macroalgae themselves (e.g., the number of stipes or 
fronds, and whether individual seaweeds occur in monospecific or mixed canopy 
stands) (Taylor and Cole 1994; Thiel and Vásquez 2000; Christie et al. 2007).  
Specific macroalgal traits may act in synergy to shape patterns of distribution 
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and abundance of fishes. Consequently, macroalgal habitats likely offer multiple 
sources of environmental variation that combine to determine overall “habitat 
quality”. 
The non-random demographic effects of a particular habitat structure can 
facilitate habitat selection by dependent organisms. Distributional models arise 
from organism’ habitat selection. Distributional models have attempted to 
predict patterns of movement and dispersal of species among different habitats 
(Hugie and Grand 1998; Levin et al. 2000).  Both the ideal free distribution (IFD) 
and the ideal despotic distribution (IDD) describe trade-offs that arise from 
behavioural decisions of individuals (for a review see Kramer et al. 1997).  In 
their application, both distributional models are sometimes based on untested 
assumptions of an individual’s ability to perceive and discriminate among locally 
available habitats and/or other resources (Roshier et al. 2008).  From the 
perspective of an individual of a given species, the decision to move from one 
patch to another may depend upon a range of (potentially conflicting) motives 
that, for example, may include the use of food resources and/or mating 
opportunities, minimization of risk from predators and/or competitors (Kramer et 
al. 1997; Connell and Kingsford 1998; Crowe and Underwood 1998) 
 
1.4 Direct and indirect effects of the relationship between fish and large-brown 
macroalgae: towards the concept of mutualism 
 
Demographic feedbacks from fishes to macroalgal structures may arise 
because of a predatory influence of fish on other macroalgal-associated 
organisms (e.g., invertebrate grazers).  Macroalgal-dominated environments are 
often characterized by high concentrations of grazers of various sizes and forms 
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(e.g., sea urchins, snails, small crustaceans) (Coyer 1984; Taylor 1998b). Sea-
urchins, one of the best-studied of these grazers, are capable of changing the 
macroalgal habitats to “barren” environments, and their activities subsequently 
limit future recruitment of large brown macroalgae (reviewed in Lawerence 1975; 
Vásquez and Buschmann 1997). Similarly, but less well-understood, small 
crustacean epifauna (e.g., amphipods) are able to decrease macroalgal biomass 
(Duffy 1990; Haggitt and Babcock 2003).  After El Niño events, outbreaks of 
these small crustacean assemblages can disrupt recruitment and growth of kelp 
(Dayton 1985b; Duffy and Hay 2000).  Trophic cascades mediated by 
populations of fish and small herbivores appear to be indicative of the potentially 
important indirect effects that fishes can have on macroalgal demographic rates 
(Davenport and Anderson 2007; Korpinen et al. 2007; Newcombe and Taylor 
2010).  
There are two main ways in which positive indirect effects occur over 
primary producers: (a) the classical effect of predator-prey interactions in which 
the predator reduces numerical abundance (i.e., density-mediated interaction) of 
herbivore populations, thus reducing their effect on plants, and (b) the mere 
presence of a predator produces a behavioural response over a prey population 
(trait-mediated interactions) causing them to disperse or hide, and thus reducing 
their effect on plants (Schmitz 2003; Schmitz et al. 2004). Linear chains of 
reactions, whereby one predator inflicts damage on one grazer, poorly represent 
most ecological communities. More commonly, multiple species may cause 
similar effects on a target species (Schmitz 2007). The role of multiple predators 
and predator diversity is an increasing area of ecological study (reviewed by 
Schmitz 2007).  Emergent effects of multiple predators arise when two or more 
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predators enhance the per-capita effect on prey-populations (reviewed by Sih et 
al. 1998).  Alternatively, predators may interfere with one another, thus reducing 
the effects on prey populations.  Another mechanism that dampens the per-capita 
effect of a predator on prey populations occurs when a potential competitor can 
also serve as prey for the other member of the competitive interaction (i.e., intra-
guild predation) (Schmitt et al. 2009).  Intra-guild predation is a common feature 
in both subtidal and intertidal marine environments (Van Son and Thiel 2006).  
These interactions highlight the potentially complex relationships 
between consumers and primary producers. Such relationships can have 
implications for the organisms (e.g., macroalgae) that often provide 
demographically important habitat for fish populations (see Taylor and Schiel 
2010).  Alternatively, resulting feedbacks can facilitate positive responses from 
both interacting entities. Such feedbacks may be described as a mutualism.  
 
1.5 Thesis structure  
 
In my PhD, I have included both manipulative and observational studies 
of different aspects of community ecology related to the associations between 
fish and macroalgae. Specifically in Chapter 2, I explored the changes in 
abundance and diversity of fishes over multiple sites within different locations 
and regions.  Specifically, I explored variation in diversity and composition of 
fish assemblages as a function of multiple sites in algal-dominated subtidal 
habitats. This chapter provides an evaluation of fish and macroalgal community 
similarities across a range of hierarchical spatial scales.  This chapter is largely 
descriptive, and patterns are explored in greater quantitative detail in subsequent 
chapters.  Subsequently (Chapter 3), I explore the potential effects of stochastic 
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recruitment and availability of habitat as primary determinants of reef fish 
population and community structure.  Specifically, I assessed the influence of 
abiotic factors and habitat on reef fish abundance and diversity in an isolated 
island (i.e., a largely closed ecological system).  This allowed me to understand 
what proportion of the fish assemblage came from elsewhere and what 
proportion remains within the islands, and subsequently, what habitats influence 
the abundance of a particular fish species.  
In Chapter 4, I assessed the temporal variation in habitat heterogeneity 
and the associated fish assemblage, to determine whether the associations 
between fish and different levels of habitat heterogeneity were consistent among 
seasons within a year, and across three widely distributed study sites.   
Because I found that the effects of macroalgae were important in 
explaining variation in the abundance of reef fishes in space and time, I 
conducted a lab-based experiment to evaluate the ability of two common fish 
species to discern between different macroalgal structures (Chapter 5).  
Furthermore, I conducted a larger field experiment that built upon this lab study, 
to evaluate the responses of a fish assemblage to habitat heterogeneity.  I 
repeated this study at two sites (a wave-protected site and an exposed site) and I 
manipulated the identity, density, and composition of large brown-macroalgae 
(e.g., as either single species or mixed species canopies).  
Finally, in Chapter 6, I evaluated the potential indirect effects (including 
multi-predator effects) of fish predators on giant kelp, Macrocystis pyrifera.  I 
evaluated the direct consumptive and behavioural effects of fishes on 
invertebrate mesograzers (amphipods).  This study enabled me to understand the 
potential positive feedbacks that exist between fishes and macroalgae.  The 
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results given in this chapter are based solely upon a mesocosm study because a 
larger scale field experiment was destroyed due to the strong weather conditions 
along the south coast of New Zealand. 
Because these chapters were written as a series of independent studies, 
some redundancy regarding motivations and conclusions may be evident. I 
summarize the results of these chapters, indicating possible areas of future 
research, in Chapter 7.  
  15
I indicate the actual and/or intended publication status of my thesis 
chapters below: 
- Chapter 2.  
Pérez-Matus, A. Neubauer, P. Francis, M. & Shima, J. Changes in reef 
fish diversity associated with macroalgae. To be submitted 
- Chapter 3.  
Pérez-Matus, A. Ramírez, F. Eddy, T & Cole, R. Community structure at 
Juan Fernández Islands: How are temperate fish assemblages organized 
in non-kelp dominated habitats?  Pacific Conservation Biology. In review. 
- Chapter 4.  
Pérez-Matus, A. Neubauer, P. Francis, M. & Shima, J. Changes in reef 
fish diversity associated with macroalgae. To be submitted 
- Chapter 5.  
Pérez-Matus, A. & Shima, J. (2010) Disentangling the effects of 
macroalgae on the abundance of temperate reef fishes. Journal of 
Experimental Marine Biology and Ecology. 388:1-10 (see appendix 1) 
- Chapter 6.  
Pérez-Matus, A. & Shima, J. (2010) Density and trait-mediated effects of 
fish predators on amphipod grazers: potential indirect benefits for the 
giant kelp, Macrocystis pyrifera. Marine Ecology Progress Series. 
417:151-158 (see appendix 2). 
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CHAPTER 2 
Reef fish diversity associated with macroalgae: an exploratory comparison 
of temperate reef fish faunas 
 
 
2.1  Abstract  
Biogeography acknowledges that distributional patterns have their origins 
at community levels where several intrinsic mechanisms underpin species co-
occurrence. Diversity is a fascinating but controversial topic: observed causes 
and consequences depend on the resolution and scale of observation.  Several 
hypotheses have been proposed in order to explain diversity and co-occurrence 
in natural communities.  Given that most of these have been tested at local 
scales, our capacity to identify the boundaries at which small-scale patterns can 
be generalised over large areas may be compromised. By sampling several 
spatial scales (metres to thousands of kilometres) from Juan Fernández Islands 
(Chile), Northern New Zealand, and Tasmania (Australia), I explored the 
differences in reef fish diversity and composition of fish assemblages. Using 
model selection criteria the abiotic (spatial scale, depth, or temperature) and 
biotic (brown macroalgae structures) factors influencing fish diversity were 
determined.  Results from this exploratory work indicate variation in species and 
trophic diversity rather than familial or ordinal diversity. Best predictors of 
species and trophic diversity were different to those correlated with higher 
taxonomic diversity levels, specifically, few parameters explained diversity at 
higher taxonomic resolution relative to species level. The composition of the fish 
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assemblage varies among sampled locations. The ecological mechanisms that 
may underlie these patterns are inherent to each location such as the substratum 
availability, trophic structure, and abiotic factors.  These imply that patterns 
between habitat types and fish diversity may be predictable.  
 
2.2 Introduction  
 
The number of species varies widely over the surface of the earth.  The 
mechanisms underlying patterns in the two main components of diversity, 
species richness and the relative abundance of species have been widely 
investigated by early ecologist.  As a consequence a plethora of hypotheses were 
put forward in order to explain patterns of species diversity among ecosystems 
(e.g., Patten 1962; MacArthur 1965; Pianka 1966) with no clear consensus in 
definition and the use of estimates of species’ diversity (see Peet 1974).  
Diversity is considered to be a controversial topic.  Hurlbert’s (1971) 
article pointed out the misuse of diversity in many ecological studies. Since then, 
a number of temporal, environmental and biotic factors as have been correlated 
with species diversity (review Gaston 2000).  The most influential patterns are 
shown in the diagram below.  These models provide plausible explanations for 
species’ coexistence, but the outcomes are context-dependent (diagram 2.1).  In 
general, ecologists have agreed that temperature, environmental fluctuations and 
geological processes influence species richness over large regional scales; while 
competition, predation, recruitment, migration and disturbance may more 
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commonly affect patterns of species diversity at local scales (Mora et al. 2003; 
Ricklefs 2004; Connolly et al. 2005).  
 
Diagram 2.1 Proposed hypothesis of species diversity: equilibrium state 
hypotheses a) diversity increases with area and b) highly heterogeneous areas allows the 
species co-existence.  Non-equilibrium stare hypothesis such c) environmenal variability 
refers that intermediate state disturbances sustain higher number of species and d) some 
species remains in variable, predictable environments, while other are being replaced 
due to environmental change. (adapted from Jacksic & Marone 2007a) 
 
The complexity of many ecological systems, with their physical and 
biological spatial scales influences the way scientists view populations and 
ecosystems (Levin 1992).  At local scales for instance, rules apply when species 
are combined to form local assemblages.  Therefore, understanding the 
consequences of the intrinsic and extrinsic factors (both biotic and abiotic) that 
play a significant role in determining the structure at local and regional scales is 
a major challenge in community ecology (Sale et al. 1994).  Substantial evidence 
of patterns, such as species abundance and distribution, has accumulated in a 
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wide variety of habitats at small spatial scales (Fraschetti et al. 2005). The 
understanding of the influence of regional processes on populations and 
communities requires large-scale research assessments (Lawton 1996). 
Identifying the boundaries at which a small-scale can be generalised over large-
scales has attracted the interest of ecologists due to the fact that most ecological 
studies work under small (10 – 100 m) and at medium scales (100 to 1000 m) 
(but see Fowler-Walker and Connell 2002; Irving et al. 2004; Connell and Irving 
2008; Wellenreuther et al. 2008).  Ecologists are therefore increasingly 
considering larger geographic scales in order to understand patterns at a more 
regional (100 to 1000 km) and biogeographic (over 1000 km) scales (MacNeil et 
al. 2009).  
The shallow marine environments of the South Pacific including Australia, 
New Zealand and Chilean coasts are similar in terms of habitat and seawater 
temperature fluctuations. Locations that are dominated by large brown 
macroalgae offer a good framework for comparisons of factors that drive 
abundance and diversity of fishes.  The present study aims to explore patterns of 
variation in reef fish diversity at different geographical scales.  Specifically, I 
compared different levels of fish diversity among different spatial scales such as 
21 sites within 7 locations within 3 regions.  Subsequently, using model 
selection, I identified a set of factors that may influence patterns of diversity.  An 
additional aim of this chapter is to compare the different composition of fish 
assemblages associated with brown macroalgae.  This contributes to our 
understanding of similarities in fish communities across distant geographic areas 
that are dominated by macroalgae. 
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2.3 Methods  
 
All regions, locations and study sites were defined a priori according to 
similar level of exposure to wave action, and dominance of large brown 
macroalgae as the primary substratum type.  Sites were characterized by being 
semi-exposed to wave-action and a substrate dominated by Laminareales, 
Fucales, or other brown macroalgae species.  Three main regions compose the 
largest scale of this study: Oceanic Chile, New Zealand and Australia.  Oceanic 
Chile the Juan Fernández Islands (33° S) were surveyed but for a broader 
comparison I’ve included Northern Chilean coast from my previous published 
studies (Pérez-Matus et al. 2007); in New Zealand locations include the Poor 
Knights Islands (34° S), Auckland (35° 174° W), Kapiti Island (40° S) and 
Wellington (41° S).  Southern Australia included two locations in Tasmania (43-
44° S 178° W) (Fig. 4.1). Each location includes three different sites.  Sites were 
separated from each other by more than 400 m but less than 1000 m of distance.  
 
2.3.1 Sampling methodology  
The sampling methodology consisted of underwater visual census (UVC) 
and underwater photography for species identification. All surveys were 
conducted by means of SCUBA.  UVC is a quick, non-destructive, and 
inexpensive method for estimating reef fish abundance. Transect and point 
counts are the most commonly employed UVC methods, and both may produce 
fast and precise fish counts (Watson and Quinn 1997). However, accuracy of 
UVC is difficult to evaluate.  Observer error, diver’s speed, fish detectability and 
observer’s presence are some of recognised sources of bias of UVC methods 
(Thresher and Gunn 1986; McCormick and Choat 1987). Here, a transect refers 
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to a straight line along which observations are made by a diver swimming at a 
constant speed.  Point counts, in contrast, are conducted at randomly selected 
stations, where observer remains for a short period of time (2-5 min interval) 
measuring marine life in radius 180-360° (Kingsford and Battershill 1998).  
Arguably, the use of UVC have been criticised as may underestimate the 
abundance of more cryptic members of the local fish assemblage, such as 
triplefins, gobies, clinids, bythitids (Willis 2001). Wellenreuther et al. (2007), 
however, challenged the critiques of UVC for quantifying reef fish abundance 
(particularly with reference to cryptic fauna), suggesting that Willis (2001) a) 
failed to restrict the census target to triplefin species; b) census conducted were 
all above 0.5 m the substratum, and thus did not search the substratum accurately; 
and d) the area using UVC and destructive techniques to census cryptic species 
was dissimilar.  Wellenreuther (2007) conclude that cryptic species can be 
surveyed under UVC and with robust estimates by “a close, rigorous and 
systematic searching pattern, spending at least 1 min on each quadrate, with all 
interstices and overhangs examined to ensure a complete census”.  
In view of the above, and in order to reduce both logistical and operational 
costs, I used UVC to quantify fish abundance.  In the present study (and also for 
surveys described in chapters 3 and 4), I use both transect (to detect larger 
benthic, demersal, and pelagic species) and point count (to detect smaller cryptic 
species) UVC methods.  Specifically, I divided each site into five different depth 
strata (3m, 6m, 9m, 12m and 18m).  I sampled within each depth strata using ten 
different stations, each separated by four meters  (i.e., 10 stations per depth 
strata).  At each station, I first quantified the large fish assemblage for a period of 
a one-minute, recording the species identities and estimating the abundance and 
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sizes of all observed individuals (Fig. 2a) over two meters to the left and to the 
right of a four meter long transect over substratum.  Subsequently, I quantified 
the cryptic assemblage (focusing principally on small cryptic fauna) by searching 
every crevice, rock, and holdfast for another minute in the same area (Fig. 2b).  
Following these transect and point counts at a given station, I moved four to five 
meters alongshore to select a new station.  For guidance I used a tape measure.   
 
Figure 2.1 diagram of a) transect of non-cryptic species survey and b) point count 
of cryptic species.  V means area of sampling. Fishes were counted under the shaded 
areas. (Figure adapted from Watson & Quinn 1997) 
Additionally at each sampling station (10 per depth strata), the species of 
macroalgae and/or type of substratum was also characterised.  The presence of 
canopy forming habitat at each station was also classified as different levels of 
heterogeneity using the following criteria: (1) no algae (lithic) where no canopy 
or less than 10% of the surveyed area was composed of canopy forming algae; 
(2) monospecific canopies (i.e., single laminarean, fucalean), when more than 
90% of quadrat is covered by single alga; and (3) mixed stands when two or 
more canopies comprised 40 – 60 % of the stand. 
Surveys were performed during spring (October through December) 2007 
(Juan Fernández Islands), 2008 (New Zealand and Australia).  
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Figure 2.2 Map of the surveyed locations (n=7) and sampling site, denoted by +, (n=21) of a) Juan Fernández Islands, b) Poor Knights Islands, c) Leigh, 
Auckland Northern New Zealand, d) Kapiti Island, Wellington, e) Wellington, south North Island New Zealand, f) Maria Island, norther Tasmania, and g) 
Bruni Island, south Tasmania. (map is not to scale
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2.3.2 Data Analysis  
All surveys were compiled in a matrix of pooled stations by transects. 
Fishes were grouped into different trophic levels, labelled as: 1) herbivores, 2) 
planktivores, 3) invertivores of soft shelled prey (i.e., amphipods), 4) 
invertivores of hard shelled prey (i.e., molluscs), 5) both invertivores, and 6) 
piscivores. Trophic groups were based on published dietary information, field 
guides, thesis, and unpublished data.  Simpson’s diversity index (Simpson 1949) 
was calculated per transect for different taxonomic levels (Order, Family, Genus, 
and species) and for trophic groups.  
To determine how diversity levels (richness, abundance, and Simpson’s 
Index) is partitioned between different spatial scales (region, location, site) I 
performed univariate analysis.  The structure of this analysis of variance 
(ANOVA) treated the factor “region” as a fixed effect, “geographic location” 
and “Site” nested within “region” and “geographic location” respectively.  To 
visualize differences in the total composition of reef fishes among different 
regions I used non-metric Multidimensional Scaling (n-MDS) (Clarke 1993). 
Before multivariate analyses, count data were subjected to a dispersion-
weighting pre-treatment; in which the abundances of the different species were 
differentially weighted on the basis of their observed variability in each transect 
samples.  This is an appropriate transformation as some species of reef fish 
exhibit strong spatial clustering (i.e., pelagic species) (Clarke et al. 2006).  
I evaluated the effects of scale (location, site), abiotic factors 
(temperature, depth) and biotic factors (habitats) and their interactions.  I used 
model selection with Simpson’s diversity as the dependent variable.  I tested a 
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total of 22 different candidate models and evaluate their relative support in 
explaining changes in diversity (see table 2.1).  The full model contains both 
main effects and their interaction (Burnham and Anderson 1998).   
To assess which model best explained fish species diversity, Akaike 
Information Criterion (AIC) approach was used:  
kXLAIC 2))|(log(2 +Θ−=  
where, N is the total sample size, L(X|Θ) is the likelihood of the model 
given the estimated parameters Θ , and K the number of parameters in the model.  
Lower AIC values indicate a better model for the data at hand. 
Table 2.1 Candidate model using measurable abiotic and biotic factors.  In parenthesis () 
denotes nested factors; X, interactions; +, fixed main effects; Macroalgae, brown 
macroalgae (Laminareales, Fucales and Dictyotales); Understorey (foliose algae, 
vermetid molluscs, bryozoans and hydroids).  
ID. Candidate models 
1. Geographic Location 
2. Macroalgae 
3. Understorey 
4. Temperature X Depth 
5. Geographic Location + Temperature X Depth 
6. Geographic Location (Site) + Temperature X Depth 
7. Geographic Location + Macroalgae  
8. Geographic Location X Macroalgae 
9. Geographic Location + Understorey 
10. Geographic Location X Understorey 
11. Macroalgae + Understorey  
12. Macroalgae X Understorey 
13. Macroalgae + Temperature + Depth 
14. Macroalgae X Temperature X Depth 
15. Understorey + Temperature + Depth 
16. Understorey X Temperature X Depth 
17. Macroalgae + Understorey + Temperature X Depth  
18. Geographic Location + Macroalgae + Temperature X Depth 
19. Geographic Location + Macroalgae + Understorey + Temperature + Depth 
20. Geographic Location (Site) + Macroalgae + Understorey + Temperature + Depth 
21. Geographic Location (Site) + Macroalgae + Temperature X Depth 
22. Geographic Location (Site) + Understorey + Temperature X Depth 
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2.4 Results  
2.4.1 Changes in species diversity and substratum species  
 
A total of 121 species from 70 genera 39 families and 8 orders were 
sighted in this study. Families that were most important in terms of numerical 
abundance were Labridae, Tripterygiidae, Kyposidae and Pomacentridae. 
Geographic patterns of reef fish diversity indicate that more numbers of 
species were present at the 35.5 and 42.7 latitudinal degrees (Fig. 4.2). Changes 
in diversity were evidenced with longitude variation.  Species richness peaks in 
the 175 of longitude (Fig. 2.3).  
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Figure 2.3 Geographical patterns in reef fish diversity over the sampled locations 
for latitudinal and longitudinal changes of total number of species 
 
The species that cover the substratum differed among locations.  In most 
kelp−dominated areas, single laminarean species (i.e., Macrocystis pyrifera, 
Ecklonia radiata, and/or Lessonia variegata) occurred in high frequency in all 
but northern Tasmania, Australia (Fig. 2.4).  Mixed large brown macroalgae 
(laminarean with fucalean) were important in southern North Island, New 
Zealand and Northern Tasmania.  Here, fucalean species occurred but in less 
amounts.  Foliose algae (i.e., Dictyota spp, Padina spp) were important in the 
Juan Fernández Islands only (Fig. 2.4).  
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Figure 2.4 Total occurrence, pooled by sites, of substratum species among 
sampled locations for latitudinal and longitudinal changes of total number of species 
 
There were differences in fish species richness detected at large scales 
(regions) and at small scales (i.e., sites within regions).  Intermediate scales (i.e., 
locations) showed no significant variation in fish species richness (Table 2.2).  
Species richness (S) was higher in northern New Zealand (Poor Knights and 
Auckland), followed by Tasmania, Wellington and Juan Fernández Islands (Fig. 
2.5).  
Table 2.2. Results of ANOVA testing for differences in species richness between 
different levels of spatial scale among Regions, Locations, and Site. Significance in 
bold 
 d.f. MS F value p-value 
Region  3 63.4 9.58 0.0001 
Location(Region) 6 11.5 1.73 0.16 
Site(Location(Region)) 14 16.8 2.54 0.004 
Residual 84 6.6   
Cochran’s C test of homogeneity of variance P>0.05. 
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Figure 2.5 Mean (±SE) number of species per sampled locations 
Abundance showed significant changes at intermediate spatial scales (i.e., 
among locations) and larger spatial scales (among regions, Table 2.3).  The Juan 
Fernández Islands sustained the highest fish abundance, followed by Kapiti 
Island, the Poor Knights Islands and Southern Tasmania.  Northern Tasmania 
was the location with the lowest abundance of fish per site (Fig. 2.6).   
 
Figure 2.6 Mean (±SE) number of individuals per sampled locations 
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Table 2.3 Results of ANOVA testing for differences in abundance of fish species across 
different levels of spatial scale, i.e., among Regions, Locations, and Sites. Significance 
in bold 
 d.f. MS F value p-value 
Region  3 9.5 45.97 0.0001 
Location(Region) 6 2.4 11.65 0.0001 
Site(Location(Region)) 14 0.3 1.53 0.11 
Residual 84 0.2   
Data were log transformed. Cochran’s C test of homogeneity of variance P>0.05. 
Simpson’s diversity index revealed differences at the lowest level of spatial 
scales (sites within region) (Fig. 2.7, Table 2.4).  Highest diversity index was 
found in northern New Zealand including Auckland and the Poor Knight Islands, 
followed by the Juan Fernández Island (Fig. 2.7-8).   
 
Figure 2.7 Boxplot of Simpson’s diversity index among different sites within 
locations 
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Figure 2.8 Boxplot of Simpson’s species diversity index for all locations 
Table 2.4 Results of ANOVA testing for differences in Simpson’s diversity index of fish 
species across spatial scales, i.e., among Regions, Locations, and Site. Significance in 
bold 
 d.f. MS F value p-value 
Region  3 0.1 0.88 0.45 
Location(Region) 6 0.1 0.49 0.68 
Site(Location(Region)) 14 0.42 2.6 0.003 
Residual 84 0.2   
Data were log transformed. Cochran’s C test of homogeneity of variance P>0.05. 
 
One of the 22 different models considerably outweighed all other models 
in predicting species diversity (Table 2.5).  This model contained interactions 
between depth and temperature, as well as the biotic factor habitat (i.e., 
macroalgae) and geographic location.  The next best candidate models included 
site nested within location, and understorey species (Table 2.2).  
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Table 2.5 Species diversity.  AIC results of the best three models 
ID Best models 
 
AIC weights  
 
18 Geographic Location + Macroalgae + Depth X Temperature 
 
0.72 
 
21 Geographic location (Site) + Macroalgae + Depth X  
         Temperature 
0.14 
 
19 Geographic location + Macroalgae + Understorey + Depth + 
Temperature 
0.10 
 
A similar trend with species diversity was followed by diversity of families.  
Higher numbers of families were observed at Northern New Zealand and the 
Juan Fernández Islands. Southern New Zealand holds the lowest numbers of 
families (Fig. 2.9).  
Two main models best explained diversity of family, one including sites 
nested within geographic location with the interaction between temperature and 
depth. Other models with some support include depth and the interaction with 
temperature and macroalgal substratum species (Table 2.6).  
 
Figure 2.9 Boxplot of Simpson’s diversity of fish families among sampled 
locations 
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Table 2.6 Familial diversity.  AIC results of the best three models 
ID Best model 
 
AIC 
weig
5 Geographic Location (Site) + Depth X Temperature 
 
0.50 
 
21 Geographic location (Site) + Macroalgae + Depth X 
Temperature 
0.43 
 
20 Geographic location (Site) + Macroalgae + Understorey + 
Depth + Temperature 
0.06 
 
As opposed to species and familial diversity, ordinal diversity of fish was 
high in lower latitude areas (except in southern North Island New Zealand 
locations) such in Tasmania, Australia.  Juan Fernández and northern New 
Zealand showed similar diversity of orders (Fig. 2.10). Geographic location was 
the model that best explained diversity of orders, with overwhelming support.  
 
Figure 2.10 Boxplot of Simpson’s Ordinal diversity among different locations 
A total of 11 different trophic groups were evidenced among the 121 fish 
species surveyed. Species consuming soft-shelled invertebrates (i.e., amphipods, 
crustaceans) as prey were the most important in terms of richness and numerical 
abundance. The Juan Fernández Islands were the most diverse in terms of trophic 
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groups (Fig. 2.11).  The model which best-explained diversity of trophic levels 
includes the geographic location, macroalgae and the interaction between depth 
and temperature.  
 
Figure 2.11 Boxplot of Simpson’s trophic species diversity among different 
locations 
 
2.4.2 Changes in composition of fish assemblages  
The proportion of families that dominates the fish assemblages within a 
location varies among geographic areas.  Families were dominated by 
pomacentrids (2 species), cheilodactylids (1 species) and by members (two 
species) of the Haemulidae.  These families composed more than the 50% of the 
proportion of fish assemblages in northern Chile.  Wrasses (2 species) and 
kyphosids (2 species) composed more than 70% of the total proportion of fish 
species at the Juan Fernández Islands, whereas five families dominate the 
assemblages at the Poor Knights Islands.  The most important families in terms 
of numerical abundance were Pomacentridae (3 species) and Tripterygidae (8 
species) followed by Kyphosidae and Carangidae (2 species each) at Poor 
Knights islands.  Four families had similar proportions within the fish 
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assemblages at Auckland.  Here, the Carangidae and Labridae (3 species) 
composed the 40 % of the fish assemblages followed by Kyphosidae and 
Triplefins (6 species), which together made up 20% of the reef fishes. Both 
locations in the southern portion of New Zealand's North Island were dominated 
by wrasses (3 species).  Members of this family (Labridae) dominate the 
assemblage, making up more than 45% of the total abundance, followed by 
Serranidae (2 species).  Similarly, wrasses (7 species) composed more than the 
50% of the fish assemblages at the two locations in southern Australia.  The 
second most abundant family here was the Dinolestidae followed by the six 
species members of the Monacanthidae (Fig. 2.12). 
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Figure 2.12 Proportion (%) of fish asemblages from the total numerical 
abundance per location surveyed. Families representing less than 0.1 (%) are not 
represented.  Northern Chile correponds Pérez-Matus et al. (2007).   
 
Fish communities at each region were distinct (Fig. 2.13).  nMDS 
graphically detected patterns of fish community distribution.  According to 
nMDS, fish communities in Juan Fernández Island were separated from those of 
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New Zealand and Tasmania in the first axis of the MDS.  Juan Fernández Islands 
were close to North Island New Zealand. In the second axis of the n-MDS plot, 
fish community at Tasmania clustered but were closely associated to fish 
communities of New Zealand (Fig. 2.13).  
 
Figure 2.13 non-metric Multidimensional Scaling of fish communities among 
four different sampled regions.  Transect represent the unit of replication per regions 
(Juan Fernández n=15, South North Island n=30, North NorthIsland New Zealand n=30, 
Tasmania n=30)..  
 
 
2.5 Discussion  
 
The present exploratory comparison revealed: (a) latitudinal and 
longitudinal trends in reef fish diversity, (b) geographic location coupled with 
physical (temperature and depth) and biotic factors such as macroalgae-
dominated substratum contributed to the observed differences in diversity at 
different levels of reef fish organization (trophic, species); (c) factors depending 
on the scale of observation influence familial and ordinal diversity; (d) with few 
exceptions only 2 families contribute to the 50% of individuals within sampled 
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locations, therefore only 8 of the 39 families were important in terms of their 
contribution to reef fishes in macroalgae-dominated habitats.  
Distributional ranges of species can explain the observed differences with 
latitude and longitude. Differences of diversity represent the most widely macro-
ecological pattern studied with more than 30 hypotheses (Rohde 1992).  No 
causal mechanism has proven to be consistent with changes in number of species 
among taxas but for marine fishes (as well as many other taxa), diversity 
increases at lower latitudes (i.e., tropical areas) and the longitudinal variation in 
the number of species is higher in western areas in both Atlantic and Pacific 
Oceans (Mora et al. 2003; Connolly et al. 2005).  The Indo-Australian Area 
(IAA) (i.e., joint area of Pacific and Indian Ocean) is by far the most diverse in 
terms of reef fish and is believed to be the centre of origins of reef fish fauna.  In 
the IAA fish diversity reaches a maximum with gradual decreases with distance 
(Macpherson et al. 2009).  
On large (regional) scales habitat may have little influence on total 
diversity.  At this scale diversity of fish can be correlated with dispersal abilities 
of fish species (Bellwood and Hughes 2001).  This can be indirectly evidenced 
here.  For example, laminarean was a dominant substratum at most of the 
sampled location but diversity and abundance of species differed (at most 
taxonomic resolution).  At local scales, diversity is influenced by habitats.  
Habitat differed among the sampled location and this maybe translated into 
differences in fish diversity.  Further, hierarchical modelling (i.e., patch 
occupancy ratios) is needed here to understand if habitat is the primary correlate 
with fish community structure at multiple spatial scales (see MacNeil et al. 2009).   
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Interestingly, two or three main families shape most of fish communities 
at all sampled locations. Although the identities vary from one location to 
another a consistent pattern was evidenced in terms of dominance of fish 
assemblages.  The pattern observed here might be related to a particular history 
of each of the sampled locations (the structure of communities in one of the 
locations are fully explored in a subsequent Chapter, 3).  Traditionally, 
differences in diversity were attributable to variation of the physical environment 
(Fernández et al. 2007).  The diversification of lineages from a particular 
ecological zone (see Wellenreuther et al. 2007)  might bring further insight of 
patterns of reef fish diversity. Further analysis is required here in order to 
understand how differences in regional diversity influence diversity at local 
scales (Ricklefs 2006). 
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CHAPTER 3 
Community structure at Juan Fernández Islands: How are temperate fish 
assemblages organized in non-kelp dominated habitats? 
 
 
3.1 Abstract 
The macroalgal forests of subtidal temperate rocky reefs provide food, 
shelter and refuge from predators, and their presence or absence may determine 
the demography of fish populations.  The Juan Fernández Archipelago, (33° 
37´S, 78° 51’ W) an isolated groups of islands 650 km west of continental Chile, 
has a high degree of endemism in its marine biota.  Although influenced by the 
cool Humboldt Current, Juan Fernández lacks kelp forests.  Using visual census 
we surveyed fish and habitat associations at 5 different sites around two islands 
of the archipelago.  Given the strong effects of isolation and the lack of kelp 
habitats, I asked: what is the composition of reef fish faunas at these isolated 
islands? What habitat dominate subtidal environments and what influences the 
abundances of reef fishes? The analysis conducted here suggests that the 
ichthyofauna at Juan Fernández comprises a mixture of subtropical and 
temperate taxa, with more similarities with western than eastern South Pacific 
fauna. I identified different fish assemblages at wave-exposed and wave-
sheltered sites. Macroalgal-dominated reefs such as those composed of brown 
and red macroalgae significantly constrained the abundances of some reef fishes. 
To my knowledge this is the first attempt to identify patterns of community 
  42
structure in subtidal environments off Juan Fernández Islands.  These data are of 
particular importance for future assessment of the impact of the tsunami in 
February 2010, which had conspicuous effects on the ecology, economy, and 
social structure of the islands. 
 
3.2 Introduction 
 
Biotic habitats influence faunas in terrestrial and marine environments 
(Bell et al. 1991).  The effects of habitat on the distribution and abundance of 
species have been documented for many areas and taxa (e.g., Buckley and 
Roughgarden 2005; Schaffers et al. 2008).  In response to habitat degradation 
and loss, the understanding of habitat-fauna linkages has become valuable for 
conservation purposes, as it provides information for proper management and 
restoration (Fuhlendorf et al. 2006; Herrick and Sarukhán 2007). The 
identification of such linkages in marine environments is elusive as the early life 
history of many marine species includes a pelagic larval stage which acts to 
disperse propagules (Scheltema 1986).  Spawning and oceanographic conditions 
during the pelagic phases are important for species with planktonic life histories 
as they may control survival and the probability of finding habitat at the end of 
planktonic development (Swearer et al. 1999).  Isolated and endemic faunas offer 
good opportunities for testing divergent hypotheses such as whether recruitment 
is independent of reproduction (Sale 1980) or if there is local replenishment of 
populations driven by physical (i.e., suitable habitat) (Wolanski and Hamner 
1988) and behavioural (Lecchini et al. 2005) mechanisms.  Isolated faunas have 
been essential in the progress and development of biogeographic and 
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evolutionary theory due to the relationship between biodiversity and degrees of 
isolation and endemism (Darwin 1859; MacArthur and Wilson 1967; Robertson 
2001).   
One of the most important characteristics of the environment is biotic 
habitat. Biotic habitat elements such as coral reefs and kelp forests in tropical 
and temperate marine environments, respectively, may influence the 
demography of other organisms (Bell et al. 1991).  When the availability of 
habitat influences mortality and recruitment, habitat can directly regulate 
population size (Jones 1988b; Shima et al. 2008).  The effects of habitat on 
fishes in shallow temperate environments have been studied in both northern 
(DeMartini and Roberts 1990) and southern (Choat and Ayling 1987; Pérez-
Matus et al. 2007; Williams et al. 2008) hemispheres.  These studies suggest that 
distinct assemblages of fishes characterize substrata dominated either by large 
brown macroalgae or encrusting or sessile species (particularly coralline algae). 
The abundance, diversity, and trophic structure of reef fishes in algal habitats are 
often more complex than those in areas without kelp beds (Angel and Ojeda 
2001; Graham 2004).  Kelp provides several “services” to fishes such as food, 
shelter and refuge from predators (Holbrook et al. 1990b).  Accordingly, the 
presence and composition of macroalgal stands may determine the fate of fish 
populations (Anderson 1994; White and Caselle 2008) and distribution of reef-
associated fishes (Choat and Ayling 1987; Levin and Hay 1996).  Depending on 
the composition of macroalgal-dominated habitats, fish abundances are affected 
positively by the availability of macroalgal stands (Pérez-Matus and Shima 
2010).  Alternatively, the three-dimensional structure provided by kelps may 
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directly affect negatively some species that attempt to form schools or 
aggregations (Siddon et al. 2008).  
The Juan Fernández Archipelago (33° 37´S, 78° 51’ W) is a young group 
of islands (estimated age of 6 My) located 650 km west of continental Chile 
(Stuessy et al. 1984; Haase et al. 2000).  The main port is Bahía Cumberland, a 
small fishing community (~700 inhabitants) with approximately 180 fishers who 
mainly exploit the Juan Fernández lobster, Jasus frontalis. This artisanal fishery 
operates from approximately 40, 7 m length, boats that exploit the resources 
around the three islands, including a northern island of Alejandro Selkirk (Arana 
and Ziller 1985; Sernapesca 2009). Management of this fishery includes the use 
of traps, seasonal fishing closures (May through September) and no diving is 
allowed in the islands for commercial resource extractions (Arana and Ziller 
1985).  Species such as Seriola lalandi, Scorpis chilensis, Nemadactylus gayi 
and Gymnothorax porphyreus are targeted for bait and local consumption using 
hook and line only (A. Pérez-Matus pers. obs).  As for many isolated islands, the 
archipelago is volcanic in origin, and possesses a high degree of endemism in 
marine flora and fauna, with 30, 67, 26, 23, and 26 % endemism reported for 
macroalgae, anthozoans, molluscs, decapod crustaceans and reef fishes 
respectively (Rozbaczylo and Castilla 1987; Santelices 1992; Pequeño and 
Lamilla 2000; Pequeño and Sáez 2000).   
Marine taxa of Juan Fernández such as macroalgae and reef fishes are 
more related to western geographic areas, despite the geographic distance 
(Santelices 1992; Pequeño and Lamilla 2000). Oceanographic currents and 
possible repetitive unidirectional dispersal account for these similarities 
(Burridge et al. 2006).  According to island biogeographic models, immigration 
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to remote islands is slow and components of the biota result from evolutionary 
changes; speciation thus increases with isolation and area of the island 
(MacArthur and Wilson 1963). Marine populations are often organized by 
processes at both large (e.g., stochastic events such as recruitment) and small 
spatial scales (e.g, availability of suitable habitats) (Levin 1992).  Juan 
Fernández Islands offer a good opportunity to test the influence of local scale 
phenomena on assemblage structure. Furthermore there are no ecological studies 
in subtidal environments of the Islands that have addressed: (a) how assemblages 
of reef fishes are composed; (b) how benthic assemblages are organized; and (c) 
if the abundances of fish species are constrained by particular substratum species 
as they are in other temperate regions.  
 
3.3 Methods 
3.3.1 Study Area   
 
This study was conducted on the reef systems surrounding the Juan 
Fernández Archipelago, oceanic islands off continental Chile.  Juan Fernández 
Archipelago comprises three islands located 650 km west of the Pacific port of 
San Antonio, Chile and 750 km south of Desventuradas Islands, another group of 
two islands, San Felix and San Ambrosio (Fig. 3.1).  Within Juan Fernández 
Archipelago, Robinson Crusoe and Santa Clara Islands, with areas of 47.9 and 
2.2 km2 respectively, are the closest to the continent.  The third island, Alejandro 
Selkirk, 49 km2 in area, is located 178 km east of Robinson Crusoe at 33° 45’S, 
80° 45’W. I sampled on Islas Robinson Crusoe and Santa Clara, due to limited 
  46
access to Isla Akejandro Selkirk. I selected 5 study sites around Isla Robinson 
Crusoe and one at Isla Santa Clara, mainly limited by weather conditions at the 
time of the survey (Fig. 3.1).  I hypothesized a priori that community structures 
would differ based on spatial separation, different subtidal habitats, and exposure 
to wave action.  The sampling was conducted at three wave-protected and three 
wave-exposed sites (Fig. 3.1).  In general, wave-protected sites occurred on the 
north-eastern side of Robinson Crusoe Island where the substratum is 
characterized by low bottom relief with small boulders, cobbles, and sand.  
Wave-exposed sites occur on the south-western and north-western sides of 
Robinson Crusoe and Santa Clara, respectively and are characterized by high 
bottom relief, with vertical walls, large boulders, and caves.  
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Figure 3.1  Map giving the location of the study sites at Robinson Crusoe and Santa 
Clara islands of Juan Fernández Archipelago (not to scale) and currents in the 
region.  Sites are represented as: (a) Bahía Cumberland, (b) El Francés, (c) Los 
Chamelos, (d) Punta Freedy, (e) Bahía Tres Puntas, and (f) Sal si Puedes. 
 
3.3.2 Sampling  
All sampling was performed in austral spring (September 15 through 
October 21) 2007.  Underwater visual census were performed under the same 
methodology as per chapters 2.  At each study site fish surveys were conducted 
at different depth strata (e.g., 3-6 m, 6-9 m, thereafter in 3 m intervals to a 
maximum of 30 m) covering, whenever possible, entire habitat zonation (i.e., 
barrens, macroalgal-dominated bottoms, encrusting and sessile fauna).  At each 
depth stratum, I laid a ~36 m transect.  On each transect, ten stations, separated 
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by four meters, were sampled.  At each station, one of two observers using scuba 
(APM and TDE) remained stationary and quantified fish species richness, 
abundance, and size by visual census over a two-minute period (20 min per 
transect in a 40 m2 area).  Each diver performed census on a different depth 
stratum.  I compared the results for fish density measured by the two observers 
using a Kruskal-Wallis rank sum test (Kruskal and Wallis 1952).  Because 
differences were small (Kruskal-Wallis, df = 1, H = 1.79, p-value= 0.182), we 
combined the data of the two observers.  
Percentage cover of sessile organisms were obtained using a random point 
contact (RPC) method.  A 50 x 50 cm quadrat (0.25 m2) divided into a matrix of 
16 dots was randomly placed at 2 positions within each of the stations along each 
transect (see above).  Counts of sessile species were recorded in situ.  Sessile 
species were identified to the lowest taxonomic level possible.  Unidentified 
items were retrieved, stored in buffered formalin (5%), and identified in the 
laboratory.    
I sampled a total of 47 (mean = 7.8 ± 2.5(SD) per site) fish transects and 22 
(mean = 3.7 ± 1.4(SD) per site) RPC transects. The unbalanced sampling design 
was due to logistic constraints.  At each transect I recorded water temperature 
and underwater visibility.   
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3.3.3 Data Analysis  
To identify differences in diversity (measured as species richness) and 
abundance of reef fishes per site we calculated the total number of species (S) 
and the total number of individuals (N) observed. Differences among sites were 
tested formally by one-way analysis of variance (ANOVA). If ANOVA 
indicated significant differences, Tukey post-hoc tests were used for further 
evaluation.  Normality and homogeneity of variance were assessed using the 
Shapiro-Wilk normality and the Fligner-Killeen tests, respectively (Crawley 
2007).  Results were considered statistically significant when p-values < 0.05. 
Data from fish transects and RPC transects by site were compiled into an 
abundance by site matrix and used to calculate the similarity among all sites.  I 
conducted non-metric, one-way pairwise analysis of similarity among groups 
(ANOSIM; Clarke and Warwick 1994) and a SIMPER analysis to determine the 
species that contributed most to the similarities and differences in fish 
assemblages per site.  Since SIMPER does not indicate statistical significance, 
we tested significance of the discriminating species using canonical analysis of 
principal coordinates (Anderson and Willis 2003).  The p-values for site effects 
were obtained using 999 permutations of the observed data.  To visualize 
differences and clustering of data among study sites we used non-metric 
multidimensional scaling (MDS; Clarke 1993).  Owing to the large number of 
fish censuses (47 transects), I calculated and presented only the centroids 
obtained from the principal coordinate analysis (following Terlizzi et al. 2005).  
To assess how much of the variation in fish abundance and benthic cover was 
explained by depth, the relationship between multivariate species data and the 
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factor “depth” was analysed using non-parametric multivariate regression with 
distance-based linear models “DISTLM” (McArdle and Anderson 2001).  
I performed a redundancy analysis (RDA) of the abundant species from the 
fish assemblage against major substratum species. I selected this constrained 
method due to the a priori hypothesis of the possible effects of substratum on 
abundances of reef fishes.  To test for associations between fish abundance and 
substratum species I performed permutational analysis of variance 
(PERMANOVA) test among sites (Legendre and Legendre 1998).  I used the 
Hellinger transformation of the fish and point-count data; this transformation 
makes the data amenable for the types of analyses performed here (see Legendre 
and Gallaher 2001 for details). I used RDA to graphically display the differences 
of the most abundant species among the study sites and report the contribution of 
each contraints.  All analysis was conducted using the package vegan for the 
computing environment R 2.10 (http://www.r-project.org/). 
 
3.4 Results 
 
Subsurface water temperature measurements had a mean of 13.5 °C ± 
0.3(SD)) and underwater visibility a mean of 14.6 m ± 1.8(SD) among sites.   
Our fish surveys documented a total of 26 species (Table 3.1).  These 26 
species represent 23 genera, 19 families, 6 orders and 1 class.  From the total of 
sighted species, 16 fishes were rare and had low abundances (Table 3.1).  A total 
of 35% of the species were endemic to the archipelago (Table 3.2).  Sixty 
percent of the total sighted species occur also in Desventuradas Islands (Table 
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3.2).  Less than thirty percent of surveyed fish species are common within the 
Pacific region (Table 3.2).  Species that are shared with other geographic areas 
include one at the Galápagos Islands (e.g., Scorpaena fernandeziana), and other 
transpacific species (e.g., Seriola lalandi, Caprodon longimanus, Trachurus 
murphyi, Mola mola).  Only 19% of species surveyed are also common in 
continental Chile, Easter Island or New Zealand.  A slightly higher percent of 
species is shared with Australia (Table 3.2).  
Table 3.1 Mean (± SD) abundance per transect (160 m2) of all the species recorded at 
the 6 sites at Juan Fernández. N = number of transects sampled per site.  
 
Family  Species 
a) Bahía 
Cumberland 
b) El Francés c) Los 
Chamelos 
N = 8 N = 8 N = 3 
Molidae Mola mola - - - 
Bothidae Paralichthys fernandezianus - - - 
Chaetodontidae Amphichaetodon melbae 0.4 ± 1.1 0.1 ± 0.35 - 
Callanthiidae Callanthias platei - 0.1 ± 0.35 2.7 ±4.6 
Serranidae Caprodon longimanus  29.9 ± 64.9 73.9 ± 119.1 153.0±66.8 
  
Hypoplectrodes 
semicinctum 17.1 ± 8.0 14.4 ± 6.30 3.3 ± 1.5 
Chironemidae Chironemus bicornis  0.1 ± 0.4 0.9 ± 1.24 - 
  Chironemus delfini - 0.4 ± 0.74 - 
Kyphosidae Girella albostriata  - 3.1 ± 3.48 7.0 ± 9.5 
 Scorpis chilensis 45.7 ± 30.3 80.3 ± 45.27 20.0±23.3 
Labridae Malapterus reticulatus 54.4 ± 3.2 95.0 ± 20.63 55.3 ± 21.1 
  Pseudolabrus gayi 141.9± 81.1 84.5 ± 46.48 90.0±41.9 
Cheilodactylidae Nemadactylus gayi 6.7 ± 13.6 5.4 ± 5.70 9.0 ± 14.7 
Pinguipedidae Parapercis dockinsi 6.4 ± 9.7 0.8 ±1.48 - 
Gobiidae Paratrimma nigrimenta - - - 
Carangidae Pseudocaranx chilensis 5.7 ± 8.1 107.2 ± 81.92 16.7± 8.9 
  Seriola lalandi - 0.1 ± 0.35 1.0 ± 1.7 
  Trachurus murphyi  - 33.9 ± 52.94 9.0±15.6 
Blenniidae Scartichthys variolatus 6.9 ± 5.1 11.6 ± 5.39 1.7 ± 2.1 
  Scartichthys viridis  - - - 
Sciaenidae Umbrina reedi - - - 
Scorpaenidae Scorpaena fernandeziana 0.3 ± 0.5 0.3 ± 0.46 0.3 ± 0.6 
  Scorpaena thomsoni 0.1 ± 0.4 - - 
Moridae Lotella fernandeziana 0.1 ± 0.4 4.1 ± 7.35 0.3 ± 0.6 
Trachichthyidae 
Paratrachichthys 
fernandezianus 0.5 ± 0.8 1.5 ± 2.13 - 
Muraenidae Gymnothorax porphyreus 0.3 ± 0.5 0.5 ± 0.53 2.0 ± 1.0 
Total Abundance (N) 316.5±103.5 518.5±140.0 371.6±122.2 
Total Richness (S)  8.4 ± 2.5 12.0 ± 1.1 10.7 ± 2.1 
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Cont, Table 3.1 
 
Family  Species 
d) Punta 
Freedy 
e) Bahía tres 
Puntas 
f) Sal si 
Puedes 
N = 10 N = 9 N = 8 
Molidae Mola mola 0.1 ± 0.3 - - 
Bothidae Paralichthys fernandezianus 0.1 ± 0.3 - 0.1 ± 0.4 
Chaetodontidae Amphichaetodon melbae 1.2 ± 1.9 0.3 ± 0.5 1.3 ± 1.5 
Callanthiidae Callanthias platei - - - 
Serranidae Caprodon longimanus  14.0±35.0 32.0 ± 38.4 27.9 ± 58.0 
  Hypoplectrodes semicinctum 9.6 ± 9.8 13.4 ± 10.4 12.9 ± 5.0 
Chironemidae Chironemus bicornis  - 0.25 ± 0.7 - 
  Chironemus delfini - 0.1 ± 0.4 - 
Kyphosidae Girella albostriata  2.4 ± 1.9 4.4 ± 6.0 4.1 ± 9.0 
 Scorpis chilensis 57.7 ± 56.2 123.6 ± 49.1 65.9 ± 54.2 
Labridae Malapterus reticulatus 88.2 ± 34.2 77.4 ± 33.8 77.4 ± 23.7 
  Pseudolabrus gayi 115.6±46.8 136.8 ± 46.0 77.9 ± 34.5 
Cheilodactylidae Nemadactylus gayi 0.2 ± 0.6 0.5 ± 0.9 3.7 ± 7.4 
Pinguipedidae Parapercis dockinsi - - 0.9 ± 1.5 
Gobiidae Paratrimma nigrimenta 1.1 ± 3.5 - - 
Carangidae Pseudocaranx chilensis 6.2 ± 11.6 44.5 ± 69.0 62.8 ± 56.5 
  Seriola lalandi 0.1 ± 0.3 0.1 ± 0.4 3.5 ± 9.5 
  Trachurus murphyi  - 0.1 ± 0.4 0.3 ± 0.7 
Blenniidae Scartichthys variolatus 29.0 ± 22.1 13.3 ± 5.5 12.5 ± 7.2 
  Scartichthys viridis  - 0.9 ± 1.8 - 
Sciaenidae Umbrina reedi - - 0.1 ± 0.4 
Scorpaenidae Scorpaena fernandeziana 2.0 ± 5.6 - 0.3 ± 0.5 
  Scorpaena thomsoni 1.4 ± 1.6 0.3 ± 0.5 - 
Moridae Lotella fernandeziana - 1.8 ± 4.2 1.0 ± 1.8 
Trachichthyidae 
Paratrachichthys 
fernandezianus - 0.4 ± 1.1 6.0 ± 10.5 
Muraenidae Gymnothorax porphyreus 5.7 ± 5.1 0.1 ± 0.4 0.3 ± 0.7 
Total Abundance (N) 335.2±78.7 450.4 ± 123.4 358.6±109.3 
Total Richness (S)  9.5 ± 1.4 9.6 ± 1.7 9.9 ± 1.9 
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Table 3.2 Occurrences of subtidal fish species at Juan Fernández and in relation to other 
regions of the South Pacific. Easter Island encompasses Sala y Gómez Islands; New 
Zealand includes the Kermadec Islands, and South Pacific region includes Galápagos 
Islands.  Adapted from (Pequeño and Sáez 2000) 
 
 Endemic Desventuradas Easter 
Island 
Chile New 
Zealand 
Australia South-
Pacific 
Mola mola  + + + + + + 
Paralichthys 
fernandezianus 
+       
Amphichaetodon 
melbae 
 + +     
Callanthias platei  +    + + 
Caprodon 
longimanus  
    +  + 
Hypoplectrodes 
semicinctum 
 +      
Chironemus 
bicornis  
 +      
Chironemus 
delfini 
+       
Girella 
albostriata  
+       
Scorpis chilensis  +      
Malapterus 
reticulatus 
 +      
Pseudolabrus 
gayi 
 +      
Nemadactylus 
gayi 
+       
Parapercis 
dockinsi 
 +  +    
Paratrimma 
nigrimenta 
+       
Pseudocaranx 
chilensis 
+       
Seriola lalandi  + + + + + + 
Trachurus 
murphyi  
 + + + + + + 
Scartichthys 
variolatus 
 +      
Scartichthys 
viridis  
   +    
Umbrina reedi +       
Scorpaena 
fernandeziana 
 +     + 
Scorpaena 
thomsoni 
+       
Lotella 
fernandeziana 
 +    +  
Paratrachichthys 
fernandezianus 
+       
Gymnothorax 
porphyreus 
 + + + + + + 
TOTAL (%) 34.6 57.7 19.2 23.1 19.2 23.1 26.9 
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Labrids contributed nearly 50% of the total abundance of the reef fish 
assemblage (Fig. 3.2).  The next most abundant family of fishes was Kyphosidae 
(15%), and then two families - Carangidae and Serranidae - each contributed 
10% of the total number of individuals.  Blennioid fishes contributed less than 
4% and the other 14 families each contributed less than 1% of the total 
proportion of individuals in the fish assemblage (Fig. 3.2).  The most abundant 
and frequent species in the study sites were Pseudolabrus gayi and Malapterus 
reticulatus (Labridae), followed by Scorpis chilensis, Pseudocaranx chilensis 
and the serranids Caprodon longimanus and Hypoplectrodes semicinctum (Table 
3.1). 
Statistically significant differences among sites were found for fish species 
richness and total abundance only (ANOVA, richness df = 5, F = 3.63; p-value = 
0.008; abundance df = 5, F = 3.88; p-value = 0.005).  Post-hoc analyses revealed 
that El Francés had significantly greater species richness and total fish 
abundance (Table 3.1).  
 
Figure 3.2 Percent (%) of total fish population surveyed from the total relative 
abundances of species summed to family level. 
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Sites differed in total fish species abundance and richness of reef fishes.  
Variation in reef fish assemblages was globally significant among sites 
(ANOSIM, R = 0.25, p-value = 0.001).  This pattern was further confirmed by 
the CAP analysis (df = 5, F = 2.39, p-value = 0.005).  The nMDS plot identified 
three main clusters: one characterized by the similarities between Bahía 
Cumberland and Sal si Puedes (which are nearly identical), and the second by 
the wave-exposed sites Los Chamelos and Bahía tres Puntas.  The last two sites 
(El Francés and Punta Freedy) are close to each other but do not form a cluster as 
do the aforementioned sites (Fig. 3.3a).  Several fish species were identified by 
SIMPER analysis as contributing to these differences (Table 3.3).  The wrasses 
Malapterus reticulatus and Pseudolabrus gayi contributed more than 60% of 
similarity (Table 3.3).  The serranid Hypoplectrodes semicinctum, combined 
with the wrasses, contributed more than 70% of the numeric abundance in the 
species assemblage at Bahía Cumberland, El Francés and Sal si Puedes.  Other 
species such as Caprodon longimanus, Scartichthys variolatus and Scorpis 
chilensis were also abundant at Los Chamelos, Punta Freedy and Bahía Tres 
Puntas respectively (Table 3.3).   
The random point contact (RPC) counts revealed differences among 
species and their abundance among the different sampling sites (ANOSIM, R = 
0.50, p-value = 0.001) and this was confirmed by CAP analysis (CAP, df = 5, F 
= 4.26, p-value = 0.005).  With the exception of Bahía tres Puntas, which shares 
similarities in abundances of substratum species with all other sites, two clusters 
were formed.  One cluster comprised the wave-exposed sites (on the right side of 
the biplots) and the other comprised the wave-protected sites (left side of the 
biplots) (Fig. 3.3).  Bahía Cumberland and El Francés clustered together (Fig. 
  56
3.3b).  Patterns in species that comprised the benthic flora and fauna aid in 
distinguishing sites.  For example, in general macroalgae dominated the 
substratum at all sampled depths at the wave-protected sites.  Species such as 
Padina spp. dominated the cover at Bahía Cumberland, El Francés, Bahía tres 
Puntas and Sal Si Puedes (Fig. 3.4).  Rhodophyta (turfing algae), were also 
abundant at shallow depths at these sites (Fig. 3.4).  Covers of sessile fauna were 
high at wave-exposed sites and also at deep zones at wave-protected sites.  
Cnidarians (e.g., Parazoanthus juanfernandezi and Corynactis spp.)  and 
barnacles dominated the subtratum at los Chamelos and Punta Freedy (Fig. 3.4).  
Vermetid molluscs (Serpulorbis sp.) were abundant on benthic substrata at El 
Francés, Punta Freedy, Bahía tres Puntas, and Sal si Puedes (Fig. 3.4).  
Differences among sites are displayed in the multivariate biplots (Fig. 3.3).  
According to our SIMPER analysis, species responsible for the cluster in the 
wave-protected sites were Padina spp., Colpomenia spp. and Dictyota spp., 
collectively contributing more than 80% of variation explained.  Serpulorbis sp. 
and cnidarians contributed to similarities among our wave-exposed sites (Table 
3.4).   
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Figure 5.3  Unconstrained nMDS ordination plot of (a) centroids fish assemblages per 
site (refer to methods for details) and (b) RPC cover of substratum species by 
transect per site. 
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Figure 3.4  Kite diagrams of benthic species zonation by depth at the 6 study sites.  
Scale bar represents 40% of cover in 0.025 m2 quadrats.  Number of transects (N) 
are given per site. 
 
Table 3.3 Percent (%) similarity contribution of each study sites and between-site 
similarity among fish species as calculated by SIMPER analysis on the abundance 
of reef fish species.  Species that contributed most are represented in bold. 
 
 
 
Species  
Bahía Cumberland 
(66.21 %) 
El Francés 
    (66.99 %) 
Los Chamelos 
   (57.78 %) 
Malapterus reticulatus 40.4 48.9 46.9 
Pseudolabrus gayi 29.0 12.5 27.5 
Hypoplectrodes semicinctum 17.3 10.5 - 
Scorpis chilensis 6.0 8.2 - 
Scartichthys variolatus  - 7.4 - 
Pseudocaranx chilensis - 6.2 - 
Caprodon longimanus -  9.8 
Gymnothorax porphyreus -  7.5 
- Non contributing species 
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Cont, Table 3.3 
 
 
Species  
Punta Freedy 
(59.97%) 
Bahía Tres 
Puntas 
(67.29 %) 
Sal sí Puedes 
(63.65 %) 
Malapterus reticulatus 45.1 37.0 48.5 
Pseudolabrus gayi 22.2 26.3 15.8 
Hypoplectrodes semicinctum - 7.8 12.9 
Scorpis chilensis 4,0 16.5 6.6 
Scartichthys variolatus  13.7 9.4 9.1 
Pseudocaranx chilensis - - - 
Caprodon longimanus - - - 
Gymnothorax porphyreus 7.3 - - 
- Non contributing species 
 
Table 3.4 Percent (%) similarity contribution of each study sites and between-site 
similarity among benthic species as calculated by SIMPER analysis on the 
abundance of substratum species.  Species that contributed most are represented 
in bold.  
 
 
Species  
Bahía Cumberland 
(60.7 %) 
El Francés 
    (69.6 %) 
Los Chamelos 
     (51.8 %) 
Rhodophyta - - - 
Colpomenia spp 27.6 14.5 - 
Dictyota spp 21.8 31.8 24.8 
Padina spp 43.2 36.9 8.4 
Porifera - - 21.0 
Cnidaria - - 26.7 
Vermetidae - 12.9 16.1 
Cirripedia - - - 
- Non contributing species 
 
Cont, Table 3.4 
 
 
 
Species  
Punta Freedy 
(56.4%) 
Bahía Tres Puntas 
(47.7 %) 
Sal sí Puedes 
(66.3 %) 
Rhodophyta 8.1 5.1 - 
Colpomenia spp - - 22.1 
Dictyota spp 24.1 8.6 23.3 
Padina spp - 9.9 12.8 
Porifera - - - 
Cnidaria 40.0 24.7 - 
Vermetidae 12.9 42.7 32.2 
Cirripedia 7.4 9.9 -
- Non contributing species 
 
Depth, in turn, made a relatively small contribution in explaining patterns 
in fish, benthic substratum species and reef community structure.  Only 9 % of 
the total variation in the reef fish assemblage was explained by depth (DISTLM, 
F = 6.63, p-value = 0.001).  In terms of variation in substratum species, depth 
explained 15 % (DISTLM, F = 11.76, p-value = 0.001). Eleven percent of the 
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total variation in reef communities (i.e., fishes and benthic species combined) at 
our sampling sites at Juan Fernández Islands was explained by depth only 
(DISTLM, F = 8.24, p-value = 0.001).  
Among sites, different subsets of substratum species were associated with 
different subsets of fish species.  Redundancy analysis (RDA) and, further, 
permutation tests revealed associations between substratum species and fish 
species in our study sites at Juan Fernández (pseudo F = 1.93; p-value = 0.035).  
For example, when present, brown macroalgae such as Dictyota spp. and a 
cluster of red algae species such as crustose coralline algae and turfing algae, 
contributed to the observed associations with reef fishes (Dictyota spp.; pseudo F 
= 1.71, p-value = 0.04 and Rhodophyta; pseudoF = 2.09, p-value = 0.02).  
Substratum explained 82, 41,100, 43, 48, and 99 % of the variation in total fish 
abundance at Bahía Cumberland, El Francés, Los Chamelos, Punta Freedy, 
Bahía tres Puntas, and Sal si Puedes, respectively.  Graphically, macroalgae were 
grouped in the first two quadrants of the biplot whereas encrusting and sessile 
fauna lay in the lower upper quadrants; this suggests different associations 
between fish and substratum species (Fig. 3.5). For example, Nemadactylus gayi 
and Trachurus murphyi did not show a particular association with any substatum 
variable.  A weak association was evident between Pseudolabrus gayi and 
cirripedians (Fig. 3.5).  Scartichthys variolatus was more associated with red and 
green algae, as was Scorpis chilensis, whereas Malapterus reticulatus was 
associated with red algae (Fig. 3.5).  Brown macroalgae occurred in the right 
upper corner of the biplot and fishes such as Hypoplectrodes semicinctum and 
Pseudocaranx chilensis were associated with Padina spp. and Dictyota spp. (Fig. 
3.5).  In the lower quadrants of the biplots Gymnothorax porphyreus was 
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associated with sponges and Girella albostriata was more associated with 
cnidarians.  Caprodon longimanus showed a tendency for association with 
vermetid molluscs (Fig. 3.5). 
 
Figure 3.5 Redundancy Analysis (RDA) ordination plots of the most abundant fish 
species over the sampled sites.  Vectors represent benthic substratum species cover and 
centroids of fish species abundance.  The lengths of vectors represent the variability and 
association with each fish species.  Fish species names were formed using the first four 
letters of their genus and species. 
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3.5 Discussion 
 
Reef fish assemblages at Juan Fernández are dominated by few species, 
most of which are endemic to the archipelago.  Four families of fishes dominate 
the entire assemblage at Juan Fernández and this composition resembles those in 
more western areas of the Pacific. Differences in the composition of fishes 
among our study sites were principally driven by differences in the composition 
of substratum species which both maybe driven by levels of wave exposure.  
One of the goals of this study was to identify subtidal ichthyofauna of Juan 
Fernández in relation to other zoogeographic areas.  The ichthyofauna of the 
Juan Fernández Islands has been studied over many years. Intrigued by the 
isolation of these islands, Molina (1782) first recorded the fish fauna at Robinson 
Crusoe, but Mann (1954) first discovered possible relationships of fauna with 
other geographic areas. Juan Fernández and Easter, Sala y Gómez and 
Desventuradas Islands shared more similarities with one another than with 
continental Chile, despite the geographic distance (Mann 1954).  According to 
Briggs (1995), the Indo-Pacific region also includes Easter Island and the 
Desventuradas Islands, 750 km north of Juan Fernández (Briggs 1995).  Pequeño 
and Lamilla (2000) identified clear zoogeographic affinities between the 
Desventuradas Islands and western geographic areas; according to Pequeño and 
Saéz (2000) and the present study, similarities in fish faunas between Juan 
Fernández and Desventuradas Islands are in the order of more than 65 %.  
Pequeño and Saéz (2000) argued that for fishes, the region of the west Indo-
Pacific could be extended to Juan Fernández Archipelago.   
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The arrival of eggs and larvae or juveniles at Juan Fernández Archipelago 
via rafting, surface currents, or other possible mechanisms of transport from 
distant areas deserve further research.  For example, Burridge et al. (2006) 
identified a possible route of colonization via submerged islands.  These islands, 
seamounts, might connect western faunas and this can be illustrated by the 
network of seamounts in the South Pacific (Yáñez et al. 2009).  Rojas and 
Pequeño (1998) put forward another explanation for the distribution and 
colonization of serranids (e.g., H. semicinctum, C. longimanus) in the 
archipelago, arguing that dispersal capabilities depend on the abilities of larvae 
to use water masses.  Some species use equatorial counter current (ECC) and the 
equatorial submerged current (ESC) that drift from west to east to colonize 
tropical areas (Clarke 1995).  The importance of currents and water masses is 
that the chemical, physical and thermal conditions are stable, favouring the 
transport of larvae and thus facilitating colonization from western Indo-Pacific 
regions to south-eastern Pacific areas, such as Juan Fernández Islands (Briggs 
1961; Clarke 1995; Rojas and Pequeño 1998). 
The most abundant fish species were either endemic to Juan Fernández or 
shared with Desventuradas Islands.  When surveys of species abundance or 
biomass are taken into account in reef studies, the number of endemic species is 
usually lower than those reported solely by presence-absence data (Pequeño and 
Sáez 2000).  Presence-absence data may be problematic for ecological studies, as 
they assign equal weights to all species (Francis et al. 1987; DeMartini and 
Friedlander 2004).  The higher abundance of endemic species in the study sites 
and the level of endemism in Desventuradas with Juan Fernández suggests self-
replenishment (see Swearer et al. 2002, for a review) within these archipelagos.  
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Both geographical and oceanographic isolation influence the dispersal of larvae 
to settle on reefs; the barriers generated by currents limit the colonization of 
Desventuradas and Juan Fernández from continents, and this suggests that the 
high levels of endemism must have resulted from local reproduction. Endemism 
is frequent across the Eastern Pacific Islands and Central Atlantic (Robertson 
2001; DeMartini and Friedlander 2004).  Life history characteristics may differ 
between endemic and non-endemic species.  De Martini and Friedlander (2004) 
found that for endemic pomacentrids larval duration was considerably shorter 
than for non-endemic species, though this is countered by studies of wrasses 
(Cowen and Sponaugle 1997) and according to Victor & Wellington (2000) 
larval duration is not often correlated with species’ geographic range.  Swearer et 
al. (2002) listed possible life history characteristics and adaptations that may 
facilitate self-recruitment.  Developmental modes that reduce passive dispersal 
and improve active control over dispersal during larval stages, increased 
reproductive capacity (larger size, early maturation) and increased spawning 
synchrony and aggregation were among the characteristics they identified.  A 
comparison between the early life history characteristics of endemic and non-
endemic species warrants further research.  
The composition of the fish assemblages in shallow subtidal environments 
at Juan Fernández more closely resembles that in western than that in eastern 
Pacific regions.  Labrids comprise ~50% of the fish assemblage in this study 
location, and kyphosids were the next most abundant taxon.  In northern Chile, 
within kelp-dominated environments (~ 19° – 30° S), pomacentrids and 
cheilodactylids dominate assemblages (Angel and Ojeda 2001; Pérez-Matus et 
al. 2007), and similar patterns have been observed along the Peruvian coast 
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(~12° S) (Gárate and Pacheco 2004).  In contrast, notothenids dominate the fish 
faunas of more southern (~50 ° S)  kelp-dominated environments (Moreno and 
Jara 1984).  In the western temperate Pacific, such as in northern New Zealand, 
fish assemblages are also characterized by abundant wrasses species (3-4 
species) as well as pomacentrids and kyphosids (Choat and Ayling 1987) but the 
fish fauna in the south of New Zealand is more dominated by wrasses, 
particularly Notolabrus celidotus (Choat and Ayling 1987; Hickford and Schiel 
1995, Cole et al. unpublished data).  At Kermadec Islands where the substratum 
lacks kelp forests (31°21′S, 178°48′W - 29°15′S, 177°55′W), kyphosids, 
pomacentrids, and labrids dominate the fish assemblage, and these islands are 
known for their components of both subtropical and temperate faunas (Schiel et 
al. 1986; Francis et al. 1987; Francis 1996).  The fish assemblage present in 
Galápagos Archipelago (Jennings et al. 1994) is also dominated by the same 3 
western Pacific temperate families, although biogeographical differences occur 
within the archipelago (Edgar et al. 2004a). No such divisions were evident at 
the Juan Fernández Islands, though this sampling was limited to two islands.  In 
spite of this, Rojas & Pequeño (1998) identified endemic fish species occurring 
only at A. Selkirk (the western island of the Juan Fernández Archipelago). 
Differences in the abundance and richness of fish species among our study 
sites were identified.  Southern sites generally had slightly more abundant and 
rich fish faunas than northern sites.  Two possible reasons can be supplied for 
these differences; (a) self-recruitment is important at these islands, and (b) the 
substratum offers different types of invertebrate prey species and habitat for most 
fishes.  Whether fish communities are structured by recruitment or suitable 
habitat availability has been pondered by many authors (e.g., Shima et al. 2008; 
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White and Caselle 2008).  Most fishes generate benthic or pelagic eggs and 
nearly all have dispersive larval stages (Sale 1988).  At recruitment, juveniles 
have the ability to encounter and select habitats (Kingsford 1995) which may or 
may not enhance population fitness (Shima and Osenberg 2003; Shima et al. 
2008). Landaeta and Castro (2004), who studied eggs and larval abundances of 
littoral and oceanic fish species at the Juan Fernández Islands, found large 
differences in the abundance and richness of egg and fish larvae among different 
sites.  They confirmed that the high contributions of the families Blenniidae and 
Labridae as opposed to other families may be due to their relatively short pelagic 
life history and suggested that most reef fishes of the Juan Fernández 
Archipelago depend on the substratum for their ontogenetic development.  The 
high abundance of wrasses in the fish assemblages at all the study sites herein 
surveyed might be explained by the findings of Landaeta and Castro (2004).   
Benthic substratum species differed greatly among study sites depending 
on the probable exposure to wave-action. Sites where characterized by green and 
brown macroalgae on wave-sheltered areas and by encrusting fauna such as 
cnidarians and vermetids in wave-exposed sites.  These differences were 
reflected in different compositions of the associated fish fauna, where more 
pelagic schooling species dominated in wave-exposed sites and more resident, 
demersal, species dominated in wave-protected sites. Two mechanisms are 
known to explain differences in fish composition at either wave-
exposed/protected sites: (a) different swimming abilities to overcome the 
surrounding environment (Bellwood and Wainwright 2001) and (b) different 
feeding habits and performance that allow fishes to handle prey that are either 
associated to hard encruting substratum or more soft (algal-dominated) habitats 
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(McGehee 1994; Ferry-Graham et al. 2002).  Floeter et al (2007) explore the 
changes in fish and benthic fauna on a gradient of exposure to wave action.  
They found differences in benthic habitats and fish fauna depending the level of 
exposure: more planktivorous and schooling fishes were observed in wave-
exposed sites, whereas more site-attached and reef-associated species in wave-
protected sites.   
I detected important habitat associations in the abundance of reef fishes 
from Juan Fernández Islands.  At three sites habitat explained a high percentage 
of variation in reef fish abundance, a pattern that is consistent at both tropical 
and temperate regions for some reef fish species.  The influence of tropical 
faunas in the temperate islands is principally due to a coral reef component of the 
benthic substratum (e.g., in Kermadec Islands Gardner et al. 2006).  Although we 
did not find coral reefs in our surveys, components of tropical fish fauna were 
present (e.g., Serranidae, Chaetodontidae).  This may be because the survival 
thresholds of cold waters are higher for these fish families than for coral species.  
The higher temperature fluctuations and the barrier provided by the Humboldt 
Current may also limit the possible colonization by kelp in Juan Fernández 
archipelago (Graham et al. 2007b) or, alternatively kelp forests may occur at 
depths beyond those we surveyed (Graham et al. 2007a).  In the absence of both 
corals and large brown macroalgae, other substratum species influenced reef-
associated fishes.  In some cases this was important, as for the brown algae, 
Dictyota spp.  This macroalga has a widespread distribution in the Pacific Ocean 
and may be a dominant species in both tropical and temperate regions (De Clerck 
et al. 2006).  The ability of Dictyota to deter herbivores allows them to be a good 
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competitor for substratum and light (De Clerck et al. 2006) and this may explain 
the high abundance of this species at the study sites.   
The other taxon that covered much of the substratum at Juan Fernández 
was vermetid molluscs. These form reefs and add structural complexity in 
subtidal environments. On temperate Mediterranean reefs, the fish fauna 
associated with vermetid molluscs is distinct from that associated with other 
substratum species (Consoli et al. 2008), a pattern similar to our findings.  
Further manipulative studies are required to understand to what extent these 
habitats influence the distribution of fishes and other organisms, and what kinds 
of “services” (niche requirements) they provide to reef fishes.        
To my knowledge the present study is the first attempt to identify 
patterns of reef fish community structure in Juan Fernández Archipelago.  This is 
of particular interest for conservation, management, and the assessment of the 
effects of the recent tsunami strike on the shores of Robinson Crusoe (Kaiser and 
Regalado 2010).  Additionally, because of the limited information regarding the 
ecological role of seamounts in the connectivity and dispersal of reef fishes 
(Yáñez  2009) and the lack of management of benthic resources (except the Juan 
Fernández lobster fishery (Arana and Ziller 1985)). I urge conservation practices 
to be applied to the entire ichthyofauna of the region. 
 
  69
 
CHAPTER 4 
 Fish abundance and biomass associations with heterogeneous habitat: a 
year of surveys in the temperate Kapiti Island 
 
 
4.1 Abstract  
Brown macroalgae dominate most temperate rocky coasts.  In sympatry, two 
main families, the Laminareales and Fucales, dominate most of the brown algal 
assemblages with species-specific variation.  This difference may serve as a 
proxy for habitat heterogeneity in temperate reefs environments.  Previous 
experimental work indicated that there is strong specificity in the use of different 
habitat types by fishes and fish assemblages at relatively small scales.  
Differences in the use of macroalgal stands may be driven by different 
behavioural trade-offs and niche requirements among fish species. In this study, I 
investigated the consistency of habitat use patterns of fish in natural marcoalgal 
habitats over four seasons and at three sites at Kapiti Island, southern North 
Island, New Zealand.  By means of visual census, the fish assemblage 
composition and association with substratum species was surveyed in the 
subtidal environments. Results indicate that abundance and biomass of fish 
species varied among sites but only biomass changed seasonally.  Biomass 
changes were attributable to the contribution of planktivorous and piscivorous 
species to fish assemblages over spring and summer months.  The composition 
of the fish assemblages did not exhibit temporal variation and fish assemblages 
did not vary among sites.  According to model selection criteria, the site 
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differences in macroalgal composition best explained the diversity of fishes in 
Kapiti Island.  Clear associations between fishes and substratum species indicate 
that fishes partition their use of macroalgal stands. Different feeding habits and 
size-susceptibility to predation may be the possible mechanisms of association 
with different habitat structures.  The pattern observed here is congruent with 
those exhibited by the same fish species during a small-scale experimental study.  
4.2 Introduction  
 
Diversity, abundance and composition of the habitat types may serve as proxies 
for the structural complexity and heterogeneity of the environment.  The degree 
to which this structural complexity and heterogeneity is able to predict reef fish 
composition and diversity has been studied by several authors (Roberts and 
Ormond 1987; Holbrook et al. 2002; Valesini et al. 2004). Contributions of the 
habitat types to the abundance (Roberts and Ormond 1987; Anderson and Millar 
2004), survival (Carr 1994; Tolimieri 1998), and overall organization of reef fish 
communities are evident (Angel and Ojeda 2001). Alternatively, other studies 
have found minimal influence of habitat on the composition of the fish 
assemblages (e.g., Ault and Johnson 1998).  
Habitat influences the survival of individuals and promotes diversity.  A 
possible mechanism of this contribution is through persistence of natural 
assemblages composed of competing species (Schoener 1974): animals may 
choose habitats that are less preferred by their natural enemies.  However the 
structure (i.e., habitat), seen as the spatial relationship between distinctive habitat 
within a prescribed area, undergoes changes in composition (i.e., re-arrangement 
of objects in space) (Arias-González et al. 2006).  This variation may be an 
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important determinant of the organization and abundance of local reef fish 
assemblage (Choat and Ayling 1987).  Thus, the variations in heterogeneity are 
manifested as local differences in food, refuge from predators, and mating sites 
(Choat and Ayling 1987; Holbrook et al. 1990a; Holbrook et al. 1990b).  These 
differences are important determinants of patterns of fish diversity and 
abundance at both small (Pérez-Matus and Shima 2010) and large scales (Ault 
and Johnson 1998).  Consequently not all habitat types are equally important in 
shaping fish communities (Jones and Syms 1998).   
In shallow subtidal waters of Northern New Zealand, two main families of 
brown-macroalgae coexist: the Fucales and Laminareales (Schiel 1990).  These 
large brown algae dominate most marine rocky coasts, providing food, and 
biogenic habitat (Dayton 1985a; Schiel and Foster 1986).  They thereby feature a 
distinct flow of energy, materials, organisms and individuals within algal-
dominated habitats (Steneck et al. 2002).  The interactions between the 
associated organisms differ between algal-dominated habitats and open areas 
with a low level of habitat heterogeneity (Angel and Ojeda 2001; Graham 2004). 
However, changes on associations between different algal structures and 
associated fish species over temporal scales have not being explored yet.  
Previous results based on experimental manipulations at small spatial 
scales revealed that macroalgal identities affect the abundance of 7 reef fish 
species and the composition (structure) of the macroalgae affected the abundance 
of 5 of them. These linkages between fish species and algal-dominated habitats 
are potentially mediated by behavioural trade-offs and different niche 
requirements (Pérez-Matus and Shima 2010).  A central ecological challenge is 
the description of patterns that occur at local scales that are repeated at larger 
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scales (Connell and Irving 2008).  Here, the linkages between fish species with 
the structure (i.e., habitat) and heterogeneity of the subtidal habitats were studied 
incorporating three study sites and four seasons. A secondary objective was to 
investigate the function of algal-dominated habitat expressed as the total fish 
biomass that is sustained by that structure.   
4.3 Methods  
4.3.1 Study sites and sampling 
 
This study was conducted on the reef systems surrounding Kapiti Island, 
New Zealand.  Kapiti Island is approximately 10 km long and 2 km wide, and 
isolated from the mainland by approximately 7 km. On the reefs surrounding 
Kapiti Island, I selected three different study sites, each separated by more than 5 
km: 1) an eastern site (40° 50’ S 174° 56’ W), which is partly sheltered from 
southerly swells and characterized by narrow boulder-rock reefs separated by 
patches of sand; 2) a western site (40° 49’ S 174° 54’ W); and 3) a southern site 
(40° 53’ S 174° 52’ W). Shallow bottom, large boulders, and exposure to wave 
action characterize both the western and southern sites (Fig. 4.1).  The eastern 
and the western sites are both within a marine reserve, which was established in 
1991.  
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Figure 4.1 Map of the selected study sites.  
At each site I conducted seasonal surveys, every three months from 
February 2008 through January 2009. Surveys were conducted using the same 
UVC methodology as in Chapter 2 and 3.  The substratum off the island is 
characterized by brown macroalgae; the order Laminareales is represented only 
by Ecklonia radiata whereas Fucales are represented by Carpophyllum 
flexusosum, Cystophora retroflexa and C. torulosa (hereafter, Cystophora spp). 
Levels of habitat heterogeneity were quantified using the following criteria: (1) 
no algae (lithic) where no canopy or less than 10% of the quadrate (4 by 4 m) 
area was composed of canopy forming algae; (2) monospecific canopies (i.e., 
single laminarean, fucalean), when more than 90% of quadrate is covered by 
single alga; and (3) mixed stands when two or more canopies comprised 40 – 60 
% of the stand.  Depth, water temperature, and visibility were also recorded.  
Census began at the deepest transect, and progressively worked shallower.   
 
 
  74
Estimates of size and abundance of each fish species were converted to 
biomass (g wet weight m-2) using the allometric equation 
W = aLb                     
where the weight (W) was obtained from the length of the fish (L) and the 
constants (a, b) for each species.  Constants (a, b) were obtained from FishBase 
(http://www.fishbase.org/search.php (Froese and Pauly 2009).  Total biomass per 
census was estimated as the average weight multiplied by the abundance.  
 
4.3.2 Data Analysis  
I tested differences in mean on total abundance and biomass of the all 
fish species per site and seasons.  Since the response variable was count data 
with unequal variance and non-normally distributed errors, I used generalized 
linear models (GLM) (Crawley 2007).  For both, abundance and biomass I used 
untransformed data and specified a quasipoisson error distribution with log link 
function when needed (O’Hara and Kotze 2010). 
The changes in diversity of fish were tested using Simpson’s diversity 
index (Simpson 1949) over pooled transects by sites and seasons.  Occurrence of 
macroalgae species diversity per transects was calculated based on Simpson's 
diversity index.  I evaluated the influence of site, season, diversity of macroalgae 
species and the interaction among these using a model selection approach 
(Burnham and Anderson 1998). Different candidates’ models were tested and 
their relative support in explaining changes in fish species diversity were 
assessed (see table 4.2).  To assess which model best explained fish species 
diversity, Akaike Information Criterion (AIC) approach was used. 
kXLAIC 2))|(log(2 +Θ−=  
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where, N is the total sample size, L(X|Θ) is the likelihood of the model given the 
estimated parameters Θ , and K the number of parameters in the model.  Lower 
AIC values indicate a better model for the data at hand.  
In order to determine associations between the substratum species and 
different levels of heterogeneity I used multivariate analyses.  I incorporated the 
ten most common reef fish species among the study sites and used both biomass 
and abundance of the reef fish against both different types of substratum species 
and levels of heterogeneity (no macroalgae – lithic-, fucalean, laminarean or 
mixed canopies) using redundancy analysis (RDA) on Hellinger transformation 
of the fish data.  This transformation makes the data more amenable for the types 
of analyses performed above (see Legendre and Gallaher 2001 for details).  To 
test for significant associations between fish abundance and substratum species 
and different levels of heterogeneity, a permutation of the constraints for 
constrained analysis among sites was performed.  All analysis was conducted 
using the package vegan (Oksanen) for the computing environment R 2.10. 
 
4.4 Results  
4.4.1 The fish fauna: seasonal changes in abundance and biomass   
 
Over all 12 censuses, 7,310 sightings of fish were recorded: 2,434; 1,582; 
and 3,294 in Eastern, Southern, and Western sites respectively.  The Western site 
sustain more fishes per m2 than the other sampled sites (Fig. 4.2).  Seasonal 
changes were evidenced and total amount was 2,495 over fall, 908 in winter, 
2,122 in spring and 1,785 over summer.  Significant differences were detected in 
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terms of the total abundance over seasons only, where winter was significantly 
lower relative to the other seasons (GLM; df= 48, t = -2.7, p-value < 0.001).  
 
Figure 4.2 Box plot of the fish abundance per m-2 among seasons  
A total of 38 species belonging to 18 families were recorded (Table 4.1).  
The triplefins (Tripterygiidae) and the wrasses (Labridae) were the most 
important families in terms of numbers of species represented and total 
abundance respectively (Table 4.1). Ten species belonging to 7 families 
accounted for 90% of the total abundance of the fish assemblage in the surveyed 
area.  Notolabrus celidotus (31% of the sightings) was the most numerically 
abundant species followed by N. fucicola (17%) and Parapercis colias (12 %).  
Other abundant species were, Aplodactylus arctidens, Pseudolabrus miles, 
Latridopsis ciliaris, Odax pullus, Forsterygion lapillum, F. maryannae, and F. 
varium (Table 4.1).  
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Table 4.1 Mean (± SD) of all the species recorded at the different sites and seasons (data 
were pooled per depth strata).  
 
  a) Eastern 
Family Species Fall Winter Spring Summer 
Moridae Lotella rhacinus - - - - 
 Pseudophycis barbata - - - 0.2 ± 0.4 
Trachichthyidae Optivus elongatus  - - - - 
  Paratrachichtys sp.  - 0.4±0.8 - - 
Scorpaenidae Scorpaena papillosa 0.2±0.4 0.2±0.4 - - 
Serranidae Caesioperca lepidoptera - - - - 
 Caprodon longimanus 0.4±0.8 - - - 
 Hypoplectrodes sp.  - 0.2±0.4 - - 
Carangidae Seriola lalandi - - - - 
 Trachurus murphyi 0.8±1.6 - - - 
Arripidae Arripis trutta  0.2±0.4 0.2±0.4 - 0.2±0.4 
Mullidae Upeneichthys lineatus  0.6 ±1.2 - 0.4±0.8 - 
 Upeneus francisi - - 1.4±2.8 0.4±0.5 
Pempheridae Pempheris adspersa - - - - 
 Pempheris analis  - - - - 
Kyphosidae Kyphosus sydneyanus  - - - - 
 Scorpis lineolatus - - - 0.2±0.40 
Aplodactylidae  Aplodactylus arctidens  1±1.5 - 0.2±0.4 1±2.0 
Cheilodactylidae Cheilodactylus spectabilis - 0.6±1.2 - 0.8±0.7 
 Nemadactylus macropterus 1.4±2.80 - - - 
Latridae Latridopsis ciliaris  1±0.9 - 0.6±0.8 1.8±1.6 
 Latridopsis forsteri  - - - - 
 Mendosoma lineatum  - - - - 
Pomacentridae Chromis dispilus  - - - 0.6±0.5 
Labridae Notolabrus celidotus 13.8±7.3 4.4±3.9 13.8±7.08 18.8±10.5 
 Notolabrus cinctus  - - - - 
 Notolabrus fucicola 8.1±8.4 3±2.7 4.6±5.50 8±8.4 
 Pseudolabrus miles - 0.4±0.8 1.4±1.96 1±1.3 
Odacidae Odax pullus 3.2±3.87 - 2.6±3.2 1.8±2.7 
Pinguipedidae Parapercis colias  4.8 ± 4.3 - 8.2±10.2 9.8±12.5 
Tripterygiidae Forsterygion capito 0.2±0.4 - - - 
 Forsterygion flavonigrum 0.4± 0.5 0.2±0.40 0.2±0.4 1.2±1.2 
 Forsterygion lapillum 3.4±2.2 1.6±2.1 4.4±3.7 4±3.4 
 Forsterygion malcolmi     - 1.2±1.6 0.6±1.2 0.8±1.2 
 Forsterygion maryannae 0.2 ± 0.4 1.8±1.6 0.6±0.8 0.6±0.8 
 Forsterygion varium 2 ± 1.8 0.6±0.8 3.4±3.1 1.8±1.5 
 Ruanoho whero  - 0.4±0.8 0.4±0.5 - 
Monacanthidae Meuschenia scaber 0.4 ± 0.8 - 0.2±0.4 0.4±0.8 
Total Abundance 42.6±15.8 15.2±14.2 43.0±15.8 53.4±28.2 
Total Richness 7.6 ±1.85 4.6±4.45 6.6±2.65 8.4±5.3 
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Cont, Table 4.1 
  b) Southern 
Family Species Fall Winter Spring Summer 
Moridae Lotella rhacinus - - 0.2 ± 0.4 - 
 Pseudophycis barbata - - - - 
Trachichthyidae Optivus elongatus  - - - 0.2±0.4 
  Paratrachichtys sp.  - 0.2±0.4 - - 
Scorpaenidae Scorpaena papillosa - - 0.2±0.4 0.2±0.4 
Serranidae Caesioperca lepidoptera 0.2±0.4 - 2.6±2.6 - 
 Caprodon longimanus - - - - 
 Hypoplectrodes sp.  - - 0.2±0.4 0.2±0.4 
Carangidae Seriola lalandi - - - 0.2±0.4 
 Trachurus murphyi - - 0.2±0.4 0.4±0.5 
Arripidae Arripis trutta  - - - - 
Mullidae Upeneichthys lineatus  - 0.2±0.4 - - 
 Upeneus francisi - - - - 
Pempheridae Pempheris adspersa - - 0.4±0.5 - 
 Pempheris analis  - - 0.2±0.4 - 
Kyphosidae Kyphosus sydneyanus  - - 0.2±0.4 - 
 Scorpis lineolatus - - - - 
Aplodactylidae  Aplodactylus arctidens  0.2±0.4 1.2±1.5 4.8±3.5 2.8±2.8 
Cheilodactylidae Cheilodactylus spectabilis - 0.4±0.8 0.2±0.4 1.4±1.5 
 Nemadactylus macropterus - - 0.2±0.4 0.6±1.2 
Latridae Latridopsis ciliaris  0.4±0.5 - 3±2.3 0.2±0.4 
 Latridopsis forsteri  - - 0.2±0.4 - 
 Mendosoma lineatum  - - 0.2±0.4 - 
Pomacentridae Chromis dispilus  - - - 0.2±0.4 
Labridae Notolabrus celidotus 6.6±2.8 5.2±6.5 4.2±2.7 4.2±2.5 
 Notolabrus cinctus  - - - 0.2±0.4 
 Notolabrus fucicola 11.2±13.2 12.8±12.4 15.6±11.3 4.4±3.9 
 Pseudolabrus miles 0.8±0.7 5.6±7.3 5.4±3.7 5.8±7.7 
Odacidae Odax pullus 3.6±2.4 2.4±4.8 7.4±6.1 2.2±0.7 
Pinguipedidae Parapercis colias  - 2 ±1.7 2±2.1 3±5.1 
Tripterygiidae Forsterygion capito - - - - 
 Forsterygion flavonigrum - - 0.4±0.5 1.2±1.5 
 Forsterygion lapillum - - - - 
 Forsterygion malcolmi     - 0.4±0.5 0.6±0.8 0.6±0.8 
 Forsterygion maryannae 0.8±1.2 0.8±0.7 1.2±1.0 1.4±1.8 
 Forsterygion varium 0.6±0.5 1.4±1.0 0.8±1.6 2.0±2.8 
 Ruanoho whero  - - 0.2±0.4 0.2±0.4 
Monacanthidae Meuschenia scaber 0.6±0.8 - 1.2±1.8 0.2±0.4 
Total Abundance 25.0±12.0 32.6±15.3 51.8±16.8 31.8±18.6 
Total Richness 5.6±1.5 6.8±1.2 12.0±3.8 10.0±2.3 
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Cont, Table 4.1 
  c) Western 
Family Species Fall Winter Spring Summer 
Moridae Lotella rhacinus - - - - 
 Pseudophycis barbata - - - - 
Trachichthyidae Optivus elongatus  - - - - 
  Paratrachichtys sp.  - - - - 
Scorpaenidae Scorpaena papillosa - 0.2±0.4 - 0.2±0.4 
Serranidae Caesioperca lepidoptera 1±1.3 - 2.4±4.8 2.2±3.9 
 Caprodon longimanus - - - - 
 Hypoplectrodes sp.  - - - - 
Carangidae Seriola lalandi - - - - 
 Trachurus murphyi 0.2±0.4 - - - 
Arripidae Arripis trutta  - - - - 
Mullidae Upeneichthys lineatus  0.2±0.4 - 0.2±0.4 - 
 Upeneus francisi - - - - 
Pempheridae Pempheris adspersa - - - - 
 Pempheris analis  - - - - 
Kyphosidae Kyphosus sydneyanus  - - - - 
 Scorpis lineolatus - - - - 
Aplodactylidae  Aplodactylus arctidens  1.4±2.0 0.8±1.6 2.4±2.1 3.6±4.2 
Cheilodactylidae Cheilodactylus spectabilis 0.4±0.5 0.8±1.0 0.4±0.8 0.4±0.5 
 Nemadactylus macropterus - - 0.8±1.6 0.6±1.2 
Latridae Latridopsis ciliaris  1.8±1.3 - 2±4.0 0.4±0.8 
 Latridopsis forsteri  - - - - 
 Mendosoma lineatum  0.2±0.4 - - 0.2±0.4 
Pomacentridae Chromis dispilus  - - - - 
Labridae Notolabrus celidotus 10.2±3.1 10.6±4.5 12.8±7.1 8.4±2.1 
 Notolabrus cinctus  - - - - 
 Notolabrus fucicola 12.0±10.9 19.0±7.5 14.8±4.1 11.2±9.3 
 Pseudolabrus miles 6.2±5.3 6.4±5.0 7.4±5.4 9.0±4.4 
Odacidae Odax pullus 14.4±4.0 2.6±2.8 8.0±8.6 11.6±3.7 
Pinguipedidae Parapercis colias  9±6.1 9±9.3 10.2±9.7 8.0±5.3 
Tripterygiidae Forsterygion capito - - - - 
 Forsterygion flavonigrum - - 1.0±2.0 1.2±2.4 
 Forsterygion lapillum - - - - 
 Forsterygion malcolmi     - - - 0.4±0.8 
 Forsterygion maryannae 2.2±1.6 0.6±0.8 1.6±1.6 4±3.0 
 Forsterygion varium 1.0±1.1 1.4±0.8 3.6±2.6 2±1.2 
 Ruanoho whero  0.2±0.4 0.2±0.4 0.4±0.8 - 
Monacanthidae Meuschenia scaber 2.6±2.2 - 1.0±1.5 1.4±1.5 
Total Abundance 63.0±15.8 51.2 ±10 69±15.8 64.8±5.6 
Total Richness 9.2±1.6 7.0 ±1.1 8.6±2.4 10±1.7 
- represents species absent  
Total fish biomass among sites and seasons was 350,858 g of wet weight 
per 160 m2.  The western site sustain the highest biomass,  217,7 g wet weight 
per 40 m2, followed by the Southern site (117,2 g)  and eastern site with 103.6 g 
of wet weight per m2 (GLM; df= 48, t = 2.6, p-value < 0.01).  Site and seasonal 
interactions during winter (GLM; df = 48, t = -2.034, P < 0.04) were evidenced: 
winter had the lowest amount of fish biomass, 85,2 g wet weight per m2, relative 
to autumn, spring and summer seasons, 85,6; 149,5; and 118,4 g wet weight per 
m2 respectively (Fig. 4.3).   
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Figure 4.3 Box plot of the biomass per m-2 among sites and seasons 
 
The wrasses (Labridae) accounted for nearly 50% of the total fish 
biomass and Notolabrus fucicola contributed 30% of this biomass.  Other 
important families were the Odacidae (Odax pullus), Pinguipedidae (Parapercis 
colias) and Latridae (Latridopsis ciliaris and Nemadactylus macropterus). 
Species such Cheilodactylus spectabilis, Nemadactylus macropterus, 
Aplodactylus arctidens, Arripis trutta, Latridopsis ciliaris, Caesioperca 
lepidoptera, Mendosoma lineatum and Trachurus murphyi contributed to the 
remaining ~50% of the total biomass of reef fishes among sites and seasons.  
 
4.4.2 Differences in substratum species.  
Sites differed in the composition of the substrate. Southern site 
substratum was covered with monospecific stands of E. radiata and with mixed 
macroalgae (principally by E. radiata with C. flexuosum).  Non-macroalgal 
(lithic) habitat occurred but in less proportion than monospecific stands of 
fucalean species (Fig. 4.4). 
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Mixed macroalgae (principally by Ecklonia radiata with Carpophyllum 
flexuosum and Cystophora spp) covered high proportions of the substatum at the 
Eastern site. Non-macroalgal (lithic) habitat was less frequent than algal 
dominated patches (Fig. 4.4) 
The Western site substrata was covered with monospecific stands of E. 
radiata and in higher proportion by mixed macroalgae (principally by Ecklonia 
radiata with Carpophyllum flexuosum).  Fucales also occurred but in less 
proportion than monospecific stands of laminarean and mixed species.  Most of 
the substratum in this site was covered with macroalgae (Fig. 4.4) 
 
Figure 4.4 Mean frequency (± SD) of occurrence of Fucales (Carpophyllum and 
Cystophora spp), Laminareales (Ecklonia radiata), Mixed canopies (Fucales + 
Laminareales), and no canopies substratum among the different study sites at Kapiti 
Island, New Zealand.  
 
4.4.3 Diversity of fish assemblages: seasonal and sites differences 
Mean Simpson’s diversity index was highest in Southern and Western 
sites and highly variable in the Eastern site (Fig. 4.5).   
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Figure 4.5 Mean (±SD) per transect Simpson’s diversity index among seasons  
 
The model that best explained species diversity included site and 
diversity of macroalgae with the interaction between them (Table 4.2). Note that 
the next best models included effects of site and macroalgae by itself.  Those that 
include season had the highest AIC values (Table 4.2)   
Table 4.2 Summary of model selection analysis and AIC terms that fits of three 
studied parameters to explain Simpson’s diversity index (per transect). In bold the 
lowest AIC score 
Terms Fish Species Diversity  
 Rank AIC Δ AIC AIC w 
1. Site  3 -64.99 3.16 0.11 
2. Season  7 -61.31 6.84 0.05 
3. Macroalgae  2 -65.79 2.37 0.16 
4. Site + Season  8 -60.20 8.60 0.01 
5. Site + Macroalgae  5 -63.66 4.49 0.01 
6. Macroalgae + Season 6 -61.31 7.96 0.01 
7. Site + Season + Site X Season 9 -59.46 8.70 0.01 
8. Site + Macroalgae + Site X         
Macroalgae 1 -68.16 0.00 0.55 
9. Season + Macroalgae + Macroalgae 
X Season 4 -63.68 4.47 0.11 
10. Site + Season  + Macroalgae 10 -58.12 10.04 0.00 
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4.4.4 Substratum associations with reef fish abundance  
Significant associations between different fish species and habitat species 
were evidenced. The redundancy analysis (RDA) and further the permutation test 
revealed significant associations between substratum species and the eleven fish 
species analyzed (pseudo F = 2.0 ; p-value = 0.01).  These associations did not 
change among sites and seasons (pseudo F = 1.3 ; p-value = 0.20).  
Abundance of reef fish assemblage  was influenced by the presence of 
different substratum species. Associations were present between fish and 
different substrata (Fig. 4.6). Ecklonia radiata alone contributed significantly to 
different associations (pseudo F = 3.7; p-value= 0.01) with Pseudolabrus miles 
and slightly with Forsterygion maryannae. Abundance of Odax pullus is driven 
by single cannopies of E. radiata and with mixed canopies of E. radiata and C. 
flexuosum.  This habitat had important contribution (pseudo F = 5.0; p-value= 
0.005) and was associated with N. fucicola (Fig. 4.6).  F. varium is associated to 
some extent (pseudo F = 2.2; p-value= 0.04) with no-macroalgal habitats (Fig. 
4.6). Fosterygion lapillum is associated with a cluster of mixed macroalgae (Fig. 
4.6).    
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Figure 4.6 Redundancy Analysis (RDA) ordination plots of the most abundant 
fish species over the sampled sites and seasons.  Vectors represent 7 categories of 
benthic substratum occurrence and centroids of fish species abundance.  The lengths of 
vectors represent the strenght of the association with each fish species.  Species names 
are formed with first  our letters of the genus and species, these apply to all biplots.  
 
When habitats were grouped as a proxy for habitat heterogeneity, single 
and mixed canopies showed more strong associations with fish species (Fig. 4.7).  
The four wrasses, most of the triplefins, and O. pullus were associated with 
single laminareal and mixed canopies (Fig. 4.7).  The blue cod, P. colias, showed 
clear association with no-macroalgae dominated habitats and did not differ in 
terms of numerical abudance among different substratum (Fig. 4.7) . Species  F. 
varium and L. cilliaris, in turn, showed no clear associations as there are in the 
centrer of the biplots (Fig. 4.7). 
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Figure 4.7 Redundancy Analysis (RDA) ordination lots with grouped in four 
habitat categories and the ten most abundant fish species.  
 
Single laminarean and mixed canopies showed more abundance of 
wrasses and Odax pullus than single fucalean or no-macrolagae patches (Fig. 
4.8). A similar tendency can be evidenced by the triplefins. On the contrary, 
grouped habitats hold similar amounts of sand perches (Pinguipedidae), but their 
abundance was less variable in lithic habitats (Fig. 4.8) 
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Figure 4.8 Mean abundance per m-2 ±(2SE) of the four most abundant families 
over four habitat groups.  
 
4.4.5 Substratum associations with reef fish biomass  
Substratum species sustained different amounts of biomass of reef fishes.  
Kelp beds of E. radiata contributed to reef fish biomass (pseudo F = 2.2; p-
value= 0.05).  On the contrary, mixed canopies were driving the biomass of the 
wrasses, P. miles and N. fucicola and also the odacid, O. pullus (Fig. 4.9) and 
these associations were important (pseudo F= 6.9, p-value=0.01).   
The species such as C. spectabilis, C. lepidoptera, M. lineatum which 
contributed in biomass to the fish assemblages at Kapiti are not shown as they 
were in the center of the biplots indicating no clear habitat associations (Fig. 
4.9). 
  87
 
 Figure 4.9 Redundancy Analysis (RDA) ordination lots with 7 substratum 
categories and the ten most important fish species in terms of wet weight.  
 
Mixed canopies were associated with N. fucicola. A tendency of this 
association was evidenced by O. pullus, C. spectabilis, and P. miles (Fig. 4.10).  
Single Fucaleans were clearly associated with F. lapillum. The pelagic species, 
Arripis trutta was more associated with non-heterogeneous habitats a tendency 
present with N. celidotus (Fig. 4.10). 
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Figure 4.10 Redundancy Analysis (RDA) ordination lots with grouped habitats 
and the ten most weighty fish species 
 
Laminareal and mixed canopies were the habitats that sustained the most 
fish biomass per m2 (Fig. 4.11).  Slight differences were evidenced between 
these habitats: both contributed similarly to the biomass of wrasses while 
laminareals sustained more members of the family Latridae and mixed canopies 
more odacids (Fig. 4.11).  No clear differences were evidenced among different 
habitats and P. colias (Fig. 4.11). No-macroalgae, lithic, sustained less amount of 
biomass (Fig. 4.11).  
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Figure 4.11 Mean biomass (g wet weight per m-2) ± (2SE) of the four most 
important families among different habitat groups 
 
4.5 Discussion  
 
Resource partitioning among fishes and fish assemblages may be a 
common feature in temperate algal-dominated ecosystems.  Results from this 
study suggest that (a) differences in macroalgal composition evidenced at 
different study sites explained patterns in reef fish diversity; (b) the associations 
between substratum species and with different levels of habitat heterogeneity 
were persistent throughout the different seasons surveyed; (c) fish biomass 
changed through seasons and sites, suggesting a pelagic transitory component of 
fish assemblages; and (d) different levels of heterogeneity (estimated by the 
composition of the substratum as no-macroalgae, single macroalgal stand and 
mixed canopies) drive patterns in fish abundance and biomass. 
Macroalgal structures dominate the substratum at all sites.  There was a 
substantial difference in the composition of the alga-dominated substratum 
among sites. Studies elsewhere have emphasized the large variability in algal 
assemblages in subtidal environments (Dayton 1985b).  Organizational processes 
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explaining these changes are dissimilar in the literature.  Some studies attribute 
the variation in algal assemblages to the grazing impacts of urchins (Lawrence 
1975) while others indicate no changes in algal-assemblage composition due to 
grazing (Foster and Schiel 1975).  Regulatory processes mediated by top-down 
control offer another interesting explanation for the variation in the abundance of 
algal stand.  These have been reported for mammals (Estes et al. 1978) and 
fishes (Cowen 1983) which stabilize the strong impacts of grazers (i.e., urchins) 
on seaweed communities.  Variation can also depend on productivity which also 
varies at different geographic scales (Connell and Irving 2008). Algal 
composition may also arise from competition between macroalgal stand 
(Santelices and Ojeda 1984).  
Variation in terms of habitat composition at Kapiti Island may predict the 
different fish species, an observation which is consistent in coral reef (Ohman 
et al. 1997) and temperate communities (Holbrook et al. 1990a).  Two possible 
explanations can be put forward here (1) associations between reef bottom are 
coupled with different feeding habits for fishes; and (2) small species such as 
triplefins tend to use different habitats than larger reef fishes, thus decreasing the 
co-occurrence of fishes with increasing size similarity.  In terms of trophic-
habitat associations, fishes partition their habitat associations according to 
different feeding habits.  The biomass of the piscivorous kahawai, Arripis trutta, 
was more associated with no-macroalgae habitats.  The abundance of herbivores, 
grazers and microcarnivores have association with substratum species.  The 
herbivore Odax pullus is associated with single laminarean and mixed canopies, 
species that are consumed by this species; while A. arctidens is preferentially 
found in boulders and with fucalean species, where it presumably feeds on red 
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algae (Choat and Clements 1992).  Carnivorouos fishes such as the wrasses 
Pseudolabrus miles and Notolabrus fucicola were associated with single 
laminarean (E. radiata) and mixed algae respectively. N. celidotus, in turn, 
showed a more generalist response as it was more associated with mixed algae 
and boulders with foliose algae.  Clear differential habitat use was evident for the 
microcarnivorous clade such as triplefins.  This partitioning may be due to their 
size suceptibility to predation (e.g., the blue cod abundance, a potential predator 
of young triplefins, were more associated with no-macroalgae treatments).  In 
general, small-sized fishes (i.e., triplefins) are located in areas with high 
available refuge, heterogeneous habitats in shallow subtidal environments 
(Hixon and Beets 1993). This pattern  contrary to intertidal habitats where small 
sized fishes often occur in open areas as opossed to more heteogeneous ones 
where their predator occur (Rojas and Ojeda 2010).  
Biomass indicated changes in the fish assemblage composition 
throughout seasons and sites.  Important contributions of pelagic and 
planktivorous species to the seasonal variability of total biomass was evidenced.  
Changes occurred over summer and spring when most of pelagic species 
frequented the near-shore habitats of Kapiti Island.  Most of these species are 
transitory with little or no association with different habitat types.  On the 
contrary, habitat composition has a more substantial influence than season for 
the other components (benthic-demersal) of the fish assemblages.  This is 
congruent with other studies that incorporate few seasonal changes.  Such studies 
emphasize the importance of the environmental differences among habitat types 
(Valesini et al. 2004).  Valesini et al. (2004) suggest that spatial differences in 
the composition of marine fauna can be explained by heterogeneity of the 
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physical environment such that a particular response between associated fish 
fauna and habitat can be evidenced.       
The present study stresses the importance of large-brown macroalgae 
habitats as heterogeneous structures with site specific differences. Consistent 
patterns were identified between the different levels of heterogeneity and the 
abundance and distribution of fish species between sites and seasons.  A clear 
partition of habitat use was present among different members of the fish 
assemblage at Kapiti Island. Further analysis of this data should be directed 
towards the application of niche-based models and to understand how habitat 
types affect the “fitness” of a species.  For instance, strong partitioning by depth 
and habitat has been identified among the triplefin assemblages, which may have 
contributed to the diversification and speciation of triplefins (i.e., 17 species) on 
New Zealand's shores (Wellenreuther et al. 2007).   
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CHAPTER 5 
Disentangling the effects of macroalgae on the abundance of temperate reef 
fishes 
 
5.1 Abstract  
Habitat heterogeneity may mediate the relationship between organisms and 
their environment.  However, the demographic and behavioural responses of 
organisms to different sources of habitat heterogeneity (e.g., structural 
complexity, composition) may vary, and consequently, different sources of 
heterogeneity may interact to shape the abundance of individual species and 
composition of a species assemblage.  I focused on habitat-forming macroalgae, 
and conducted a set of laboratory experiments to determine the macroalgal 
preferences of two species of temperate reef fish.  In a subsequent field 
experiment, I manipulated macroalgal heterogeneity at two sites in Wellington, 
New Zealand, to determine the relative importance of different sources of habitat 
heterogeneity to the abundance of locally common reef fishes.  Specifically, I 
manipulated three sources of habitat heterogeneity: (1) macroalgal species 
identities; (2) combinations of macroalgal species (i.e., mixed stands); and (3) 
macroalgal density.  The laboratory experiments indicated that two common 
fishes readily distinguish and exhibit preferences for different forms of 
macroalgae.  The field experiment indicated that the abundance of reef fishes 
varied as a function of experimentally induced habitat heterogeneity. I detected 
within-species variation in responses to macroalgal composition (suggesting 
ontogenetic habitat shifts), and larger-scale influences on the abundance of reef 
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fishes (effects attributable to location).  Macroalgal identities affected the 
abundance of 7 of 15 reef fish species.  Composition of macroalgal stands 
shaped the abundance of 5 of 7 reef fish species, and the overall structure of the 
local fish assemblage.  Generally, heterogeneity in vegatative structures appeared 
to increase breadth of habitat use for reef fishes.  This work suggests strong 
behaviourally mediated linkages between the abundance of reef fishes and the 
composition of vegetative structures in a temperate, macroalgal-dominated 
ecosystem.   
 
5.2 Introduction  
 
Habitat heterogeneity is widely viewed as a precursor to biological 
diversity.  Homogenization of ecological systems by human activities (e.g., 
intensive fishing or farming) is often correlated with a progressive decrease in 
biodiversity (Loreau et al. 2004).  This has led some workers to suggest that the 
protection and enhancement of habitat heterogeneity should form the basis for 
conservation and management of ecological communities (Fuhlendorf et al. 
2006).  However, “habitat heterogeneity” is a term that potentially encapsulates a 
wide range of environmental variables (e.g., composition, patch or “grain” size, 
structural complexity), and these individual variables may act separately or in 
combination to shape the behavioural and/or demographic responses of 
individual species.  Moreover, individual species (or age-classes within a species) 
may vary in their responses to habitat heterogeneity.  Consequently, a more 
sophisticated understanding of relationships between habitat heterogeneity and 
species responses may be desirable. 
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In temperate marine environments, brown macroalgal forests are known 
to influence the abundance and distribution of associated macrofaunal 
assemblages (Dayton 1985b; Schiel and Foster 1986; Graham 2004).  The 
structure and composition of macroalgal stands (and the morphology of 
individuals for a given species of macroalgae) can vary considerably, often as a 
function of local environmental conditions (Schiel and Foster 1986).  
Understanding how algal-associated organisms such as reef fishes respond to 
local-scale variation in the structure of macroalgal communities requires 
recognition of how different components of macroalgal habitats (e.g., species 
identity, structural complexity, density) potentially interact to influence the 
abundance of a dependent species.  
Vegetative structures of macroalgae may provide a range of “services” to 
fish, including food (or feeding sites) and refuge from potential predators.  Fish 
and other organisms may use the same vegetative structures of an individual alga 
for different purposes, or they may partition their activities among different 
components of the alga (e.g., fronds may be used for refuge/shelter, holdfasts for 
feeding sites; (Steneck et al. 2002; Christie et al. 2007)).  In addition, the role 
and importance of specific vegetative features to fishes may vary with their 
ontogeny, and/or depend upon local environmental conditions (e.g., degree of 
wave exposure, presence of predators, (Taylor and Cole 1994; Christie et al. 
2007).  Specific macroalgal traits may act separately or in synergy with others to 
shape patterns of distribution and abundance of fishes.   
Experiments that attempt to partition and explore the effects of different 
components of habitat heterogeneity (e.g., the relative importance of habitat-
forming species’ identities, densities, and multi-species composition) are rare 
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(but see Benedetti-Cecchi 2004).  Consequently, important complexities that 
may underlie relationships between temperate reef fishes and macroalgal habitats 
remain largely unexplored. 
Given the strong effects of habitat attributes on fitness of dependent 
species (described above), we expect to find that reef fishes discriminate among 
different components of habitat heterogeneity (i.e., presence/absence of 
macroalgae, macroalgal species identity, and the composition of algal stands).  
Consequently, we hypothesize that (1) habitat heterogeneity will shape the 
distribution and abundance of individuals over small spatial scales; (2) reef 
fishes may differ in their responses to particular sources of habitat heterogeneity 
(and these responses may depend upon local environmental contexts); and 
consequently, (3) different macroalgal habitats will support different species 
assemblages. 
 
5.3 Methods  
5.3.1 Laboratory experiment – Capacity for behaviourally mediated habitat 
preference 
To determine whether common fish in our study system exhibit 
preferences for different macroalgal habitats, I conducted a choice experiment in 
a large outdoor recirculating tank (9 x 6 x 1.2m depth) at the National Institute of 
Water and Atmospheric Research (NIWA), Wellington, New Zealand.  I 
estimated behavioural preferences of two species of locally common reef fish 
(Notolabrus celidotus and N. fucicola) for five different benthic substrata.   
Notolabrus celidotus (commonly known as the “spotty”) and N. fucicola (the 
“banded wrasse”) are reef fishes of the family Labridae, and among the most 
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common inhabitants of reefs in the Wellington region.  Both species feed upon 
invertebrates, with N. fucicola also consuming other small fishes (Russell 1983; 
Denny and Schiel 2001; Francis 2001). Notolabrus celidotus and N. fucicola 
reach total lengths (TL) of up to 300 and 600 mm respectively (Francis 2001). I 
collected 10 small N. celidotus (TL < 150 mm), 10 large N. celidotus (TL > 150 
mm), and 10 large N. fucicola (TL > 150 mm) using baited traps.  All captured 
individuals were transferred to indoor concrete holding tanks and allowed to 
acclimatise for at least 48 h prior to their use in experimental trials.  
Initial field observations led me to identify and select three locally 
common species of macroalgae as potentially important habitats for reef fishes in 
our area: Macrocystis pyrifera, Carpophyllum maschalocarpum, and Cystophora 
retroflexa.  These three algal species are abundant on shallow subtidal reefs of 
Wellington harbour (e.g., Kau Bay) and the adjoining (and comparatively wave-
exposed) south coast (e.g., Island Bay, see Fig. 5.1a).  In the study area, M. 
pyrifera (Fig. 5.1b) can reach up to 6m in stipe length, and often forms large 
surface canopies aided by air-filled pneumatocysts; M. pyrifera provides shade 
and vertically−structured habitat through the water column. Carpophyllum 
maschalocarpum (Fig. 5.1c) has flattened blades with ellipsoid vesicles. 
Cystophora retroflexa (Fig. 5.1d) has a conical holdfast, a zig−zag stipe, rounded 
blades, and globose vesicles.  Relative to M. pyrifera, C. maschalocarpum and C. 
retroflexa are smaller bushy-type macroalgae, reaching up to 0.5 to 1.5m in stipe 
length (for further details see Adams 1997).  In the Wellington region, M. 
pyrifera, C. maschalocarpum and C. retroflexa reach mean densities of 3.8 (±1.6 
SD), 4.1 (±2.4 SD), 1.0 (±1.5 SD) stipes per m2 respectively.  I collected intact 
seaweed specimens (and associated epifauna) of all three species that were 
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attached to small boulders using an open mesh collecting bag (0.5 mm mesh 
size).  I attempted to minimize losses of associated epifauna by transferring 
seaweeds to tanks of seawater immediately after collection. I maintained 
specimens in outdoor tanks supplied with flow-through seawater, and these 
storage tanks were covered with black 0.5mm mesh shade cloth to approximate 
light conditions from the sites of collection. 
 
Figure 5.1 a) Map giving locations of the study sites in Wellington Region, New 
Zealand; photographs of blades and their holdfasts for: b) Macrocystis pyrifera 
(Laminareales), c) Carpophyllum maschalocarpum (Fucales), and d) Cystophora 
retroflexa (Fucales).  Scale bar= 300 mm.  
 
The experimental design consisted of five treatments that I established 
within a single large tank: (1) four individuals of M. pyrifera, (2) six individuals 
of C. maschalocarpum, (3) six individuals of C. retroflexa, (4) 6-7 boulders (30 
to 50 cm diameter) with no macroalgae, and (5) a control (an identified patch 
within the tank with no macroalgae or rocks). Different numbers of individuals 
per species were used to balance the biomass among treatments, and also 
reflected natural densities found in the field. Treatments were arrayed in a 
  99
randomized order in a roughly circular pattern and separated from one another 
by 3m.  Experimental trials consisted of the release of a single focal individual of 
either N. celidotus or N. fucicola in the middle of the tank (i.e., equidistant from 
the five treatments).  The position of the focal individual was assessed (from a 
viewing platform above the tank) 60 minutes after release, and scored as a 
“choice” for one of the five available habitats, or else “no choice” (i.e., when the 
focal individual was not clearly associated with any of the five experimental 
patches within the tank).  Following each trial, the focal individual was removed 
from the experimental tank, and the positions of habitat treatments within the 
tank were reshuffled in preparation for the next trial. Trials (i.e., focal 
individuals) were replicated in time from February through May 2007, and 
occurred between 10:00 am to 12:00 pm.  Algal specimens were replaced 
periodically (as tissues degraded) over the course of the experiment.  Focal 
individuals were used in trials only once. I assessed behavioural preferences for a 
total of 20 N. celidotus (10 of them juveniles, i.e., < 150 mm in standard length, 
SL) and 10 N. fucicola. 
I analyzed the preferences of N. celidotus (juveniles and adults separately) 
and N. fucicola (adults only) for the 5 choices (treatments) in our tank study 
using a randomization test.  We used Bray-Curtis distances (BCDs) between 
observed and expected values of fish preference to each macroalgal treatment as 
our test statistic using the following formula: 
 
BCD =
| observed − expected |
n= 5
∑
observed + expected∑∑                                          (1) 
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High values for BCD indicate preferences of any of the five different treatments 
(n= 5), and p-values were constructed by calculating the proportion of values in 
the null distribution (generated from 10000 permutations of the data) that were 
greater than observed by BCD (I evaluated significance for α = 0.05).  
 
5.3.2 Field experiment – Effects of habitat heterogeneity on the abundance of 
reef fishes and the local fish assemblage 
 I manipulated macroalgae presence, density, and composition to evaluate 
the separate and synergistic effects of these sources of variation on the 
abundance and assemblage structure of reef fishes.  From December 2006 to 
February 2007, I established and maintained an experimental grid of habitat 
patches (using the same set of algal species described for tank experiments above) 
at each of the two sites in the Wellington region (Kau Bay and Island Bay, Fig. 
2.1).  Sites differed in wave exposure, temperature, and the distribution and 
relative abundance of fishes and macroalgal species.  Kau Bay, located within 
the comparatively sheltered Wellington Harbour, is exposed to northerly winds 
and protected from southerly swells, with recorded sea temperatures of 17.2 °C 
(±0.9 SD) during the study period.  At Kau Bay, all of the macroalgal species 
used in the study were locally abundant, and experimental patches were created 
(described below) from locally obtainable macroalgae.  At Kau Bay, shallow sea 
bottom (0-6 m) is composed of mixture of rock, cobbles, and small boulders at 
depth more than 6-7 m the seafloor is mainly composed of small cobbles and 
fine sand grain.  The second study site, Island Bay, is partially protected from 
periodic large southerly swells by a small offshore island (Taputeranga Island), 
and during the study period had average sea temperatures of 15.2 °C (±1.5 SD).  
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Both C. maschalocarpum and C. retroflexa are abundant at Island Bay, although 
M. pyrifera was present in only low abundance (consequently, construction of 
experimental habitat patches required supplemental algal material transplanted 
from nearby sites).  The seafloor at Island Bay is characterized by having small 
boulders and cobbles at all depths.  
At each site, I used nylon lines to demarcate a grid of 17 by 32 m 
between 4 and 8 m depth.  Grids were used to position 36 habitat patches in a 
randomised block design.  Each patch measured 4m2 (2m x 2m), and was 
separated from adjacent patches within the grid (or ambient reef habitats for 
patches located along a grid edge) by 1.5m of rock or sand substratum cleared of 
all macroalgae.  Grids consisted of 4 transects parallel to shore (along relatively 
uniform depth strata, i.e., blocks). Along each transect I randomized placement 
of the following nine habitat treatments: (1) no macroalgae; (2) 1X ambient 
density M. pyrifera; (3) 1X ambient density C. maschalocarpum; (4) 1X ambient 
density C. retroflexa; (5) 2X ambient density M. pyrifera; (6) 2X ambient 
density C. retroflexa; (7) 1X M. pyrifera + 1X C. maschalocarpum; (8) 1X M. 
pyrifera + 1X C. retroflexa; (9) 1X C. maschalocarpum + 1X C. retroflexa.  The 
number of individuals used to construct “ambient densities” varied among algal 
species, and these approximated global averages for the Wellington region.  
Specifically, I used as our 1X treatments: 4 individuals for M. pyrifera, and 6 
individuals for both C. maschalocarpum and C. retroflexa, in order to 
standardize the biomass among species (see Table 5.1 for further details).  Each 
patch was constructed by placing the seaweed (with holdfast attached to small 
boulders) and maintained by replacing missing seaweeds during the experiment. 
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The habitat treatments were designed to simulate components of habitat 
heterogeneity that we hypothesized a priori to be potentially important 
determinants of fish abundance.  This included: treatment identities (as above), 
species richness (SR: 3 levels, either: no, single, or mixed macroalgal species), 
biomass (0, 1 and 2), and site (2 levels, Kau Bay or Island Bay).  The overall 
experimental design was unbalanced (due to logistic constraints) and partially 
hierarchical to facilitate important contrasts between single- and mixed stands of 
macroalgae of comparable canopy densities (see Table 5.1).  
 
Table 5.1 Design of field experiment with nine habitat treatments and four replicates of 
each treatment. Factors include: a) Treatment identities: (9 levels) and numbers of 
macroalgae individuals manipulated (n) b) (SR): Species richness (3 levels), and c) Site 
(two levels). Treatments were applied to 4m2 habitat patches. Treatment identities are 
abbreviated as: NA, no macroalgae; MP, (Macrocystis pyrifera); CM (Carpophyllum 
maschalocarpum); CR, (Cystophora retroflexa); 2X ambient MP, double density of M. 
pyrifera; 2X ambient CR, double density of C. retroflexa; MP + CM, (M. pyrifera and C. 
maschalocarpum); MP + CR, (M. pyrifera and C. retroflexa); CM + CR, (C. 
maschalocarpum and C. retroflexa). 
 
 Treatments  
Factors 1 2 3 4 5 6 
a) Treatments identities  NA  MP CM CR 2X MP 2X CR 
Biomass 0 1 1 1 2 2 
(n) 0 4 6 6 8 12 
b) Species richness (SR) No algae One algal species 
c) Sites Island Bay and Kau Bay 
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Cont, Table 5.1 
 
 Treatments  
Factors 7 8 9 
a) Treatments identities  MP + CM MP + CR CM + CR 
Biomass 2 2 2 
(n) 10 10 12 
b) Species richness (SR) Two algal species 
c) Sites Island Bay and Kau Bay 
 
I sampled fish distribution and abundance across our experimental grids 
the day before (day zero) and the day after the construction of the experimental 
plots, and then at weekly intervals thereafter for seven weeks.  Using SCUBA, I 
recorded the identity and size of all observed fishes within a given habitat patch 
for a period of two minutes.  All surveys were conducted between 10:00 and 
13:00 h to minimise potentially confounding effects of diel variation in fish 
behaviour.  On each sample date, and following stormy conditions (which 
detached/moved seaweeds and boulders outside the treatment grid), I maintained 
experimental treatments as required (by repositioning and/or replacing lost or 
damaged seaweed individuals).  I completed seven days of fish surveys at Island 
Bay and six days at Kau Bay over the course of this study period. 
I used two separate analyses to explore sources of variation in fish 
distribution and abundance attributable to habitat heterogeneity.  First, I 
evaluated variation in fish abundance across the 9 treatment identities (Table 5.1).  
In a secondary analysis, I pooled several treatments to explore the effect of 
species richness (SR, three levels: no algae present, 1 algal species, or 2 algal 
species) (see Table 5.1).  Both sets of analyses also included study site (Kau Bay 
or Island Bay) as a fixed effect, and sampling day as a random effect (I excluded 
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counts made prior to the manipulation for these analyses).  I used linear mixed 
models to conduct statistical tests.  Linear mixed models can be used to describe 
relationships between a response variable and covariates in data or factors in 
association with a random effect (Pinheiro and Bates 2000; Bolker et al. 2009).  I 
used this test to estimate the differences in the variation in abundance of a 
particular reef fish (see below) in a particular treatment (treatment identity) or 
group of treatments (SR). Such patterns may indicate which components of 
habitat heterogeneity may be important for a fish species. In this context, a 
particular treatment (or component of habitat heterogeneity) was deemed to be 
important to a fish species (and in some instances, patterns were evaluated 
separately for juveniles and adults) if the fish species’ abundance showed little or 
no variation in the mean abundance during the course of the study. The LMM 
framework allowed me to consider all factors (fixed and random) that potentially 
contributed to the structure of the sampling data along the different days 
(McMahon and Diez 2007).  LMM works well for unbalanced data sets (Baayen 
et al. 2008).  Methods for estimating linear mixed effect models have addressed 
the disadvantages of traditional ANOVA or least square regression equations 
when using random effects or repeated measures (i.e., reduced statistical power 
with repeated measures as the number of parameters increases linearly with 
random factors, reduced power with unbalanced or missing data, and 
requirements for disparate methods for treating continuous and categorical 
responses (Pinheiro and Bates 2000; Baayen et al. 2008)).  In linear mixed 
models the random effect describes deviation from the population mean; the 
individual values of the adjustments made to intercepts and slopes are calculated 
once the random effects parameters have been estimated. 
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Formally, the Linear Mixed model of the present experiment is 
summarized as:  
  ijy = X ijβ + bi +ε ij                                                          (2) 
where ijy is the observed response of the abundance of particular fish species for 
observation j (treatments) on day i, X ij is the manipulated treatment identities (or 
SR levels) and the interaction with the study site (Island Bay and Kau Bay) 
matrix, consisting of columns representing factor contrasts and covariates.    β  
represents the mean population coefficient of each treatment (9 levels of 
treatments identities (i.e., factors) for the first analysis and 3 for SR levels on the 
second analysis) on different sampling days, bi  is a random variable 
representing the deviation from the population mean abundance for the ith Day, 
and   ε ij  is a random variable representing the deviation in abundance for 
observation of j on day i from the mean abundance for day i.   
To complete the statistical model I specify the distribution of the random 
variables, b i , i=1,…,M (random variables, sampling Days in this study, 5 at Kau 
Bay and 6 at Island Bay) and   ε ij , i=1,…, M; j = 1, …, ni (9 or 3 levels, treatment 
identities or SR respectively).  I modelled both (random variables from the 
observations of each treatments and sampling Days) as independent, constant 
variance, and with mean of zero.  The variances are denoted by   σ b2 for the b i , or 
“between-sampling day” variability, and   σ 2  for the   ε ij , or “within-sampling 
day” variability.  This is summarized in (3)  
  b i ~ Ν (0,σ b2 ) ,   ε ij ~ Ν (0,σ 2 )                                               (3) 
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Using the linear mixed models, all parameters and interactions were 
estimated.  To reduce the difficulty involved in approximating the degrees of 
freedom and interpretating the fixed effects parameters independently from the 
random effect (Baayen et al. 2008) we used Markov chain Monte Carlo (MCMC) 
simulation.  Using MCMC, I estimated the posterior distribution of the 
parameters in order to estimate the highest posterior density (HPD) interval (see 
below).  MCMC is an algorithm that approximates the posterior probability 
distribution of the parameters by generating samples from a Markov chain whose 
stationary distribution is precisely the posterior distribution of the parameters.  
This is achieved by proposing candidate values using repeating Monte Carlo 
simulations from a specified transition probability and accepting or rejecting 
these values with a given probability (the Metropolis-Hastings acceptance ratio), 
which is based on the conditional likelihood of the model given the candidate 
parameter values.  After sufficient draws, this procedure will allow the Markov 
Chain to reach its stationary distribution, and any samples drawn from there on 
will be from this distribution (see Andrieu et al. 2003 for details).  Specifically, 
MCMC sampled the conditional distributions of parameter subsets in a cycle 
(e.g., the variance), thus allowing the variation in all remaining parameters (e.g., 
fixed effects, random effects) to be reflected in the distribution of the parameter 
of interest (Andrieu et al. 2003; Baayen et al. 2008).  I cycled through these steps 
(described above) for 10000 iterations and generated a sample from the posterior 
distribution of each parameter. Further, I obtained the highest posterior density 
(HPD) interval for each of the fixed and random effects, and used these to 
evaluate statistical significance.  The Bayesian highest posterior density (HPD) 
intervals were calculated to include 95% of the probability density.  I used HPDs 
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because they are the shortest intervals with the given probability content, they do 
not depend on normality assumptions, and thus provide more powerful and 
robust statistical inference (Chen and Shao 1999).  HPD intervals that do not 
include zero provide statistical evidence of significant effects of the specified 
parameters, with the range of intervals indicating the variability of the response 
(Pinheiro and Bates 2000; McMahon and Diez 2007).  All univariate analyses 
were conducted using the Lme4, Coda, and language-R packages in R 2.10 (R 
Development Core Team 2008). 
To evaluate effects of habitat heterogeneity on local fish assemblages 
(multivariate community), I used a constrained canonical analysis (CAP) 
(Anderson and Willis 2003).  Specifically, I asked if the abundance of reef fishes 
varied between sites, treatment identities (TI, no-algae and algal treatments), and 
sampling dates.  The p-values for site effects were obtained using 999 
permutations of the experimental data.  We used the “'jack-knife” procedure of 
CAP to determine the allocation success of each level of TI; values >15% (the 
approximate expected value for random assignment) were considered to be 
evidence of a significant TI parameter (Anderson and Willis 2003).  I used non-
metric multivariate ordination (n-MDS) plots based on Euclidean distances to 
visualise differences in community structure among patch identities (TI).  For 
clarity, I’m presenting only the centroids from Bray-Curtis measures obtained for 
each TI from a principal coordinate (PCO) analysis (for details see, Terlizzi et al. 
2005).  
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5.4 Results  
 
Laboratory experiment 
Notolabrus fucicola preferentially associated with patches containing 
either M. pyrifera or C. maschalocarpum (BCD test, p < 0.01), and avoided 
patches without macroalgae (Fig. 5.2).  In contrast, neither size class of N. 
celidotus showed any statistically detectable macroalgal preference (both BCD 
test, p > 0.05). Despite the lack of strong statistical evidence for habitat 
preference, both large and small N. celidotus size classes showed a trend for 
selective habitat use, selecting either C. maschalocarpum or C. retroflexa 
patches in 30% of all trials (Fig. 5.2).  
 
 
Figure 5.2 Frequency of occurrence (%) of Notolabrus celidotus (SL < 150 mm), N. 
celidotus (SL > 150 mm), and N. fucicola (SL ranges 150-390 mm, n = 10) in the tank 
experiments in the five different treatments: 1) an identified empty section of the tank 
(“Control”); 2) cobbles without attached macroalgae (“No algae”); 3) Carpophyllum 
maschalocarpum; 4) Cystophora retroflexa, and 5) Macrocystis pyrifer 
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Field experiment 
I recorded a total of 16 species of reef fish over the course of our 
observations; 15 species were observed at Island Bay, while a subset of 6 of 
these species plus one additional species were sighted at Kau Bay.  Though the 
species richness of reef fishes documented for Island Bay was greater, fish 
abundance was low relative to Kau Bay.  Following the construction of habitat 
patches, both the abundance and the number of fish species increased by 8-fold 
at Island Bay.  Abundance peaked on the third and fourth sampling day; richness 
peaked on the fourth day with 11 species identified (Table 5.2).  At Kau Bay, 
abundance and fish species richness reached a maximum on the last sampling 
day, abundance was three times higher than on the sampling day prior to the start 
of the experiment.  
Abundances of species such as N. celidotus and Forsterygion lapillum 
were 3 times higher at Kau Bay than at Island Bay throughout the sampled days; 
together, these two species accounted for more than 55% of fish censused at 
Island Bay and more than 94% of fish censused at Kau Bay (Table 5.2).  
Notolabrus celidotus was the most abundant species at both sites, with recently 
recruited juveniles accounting for most of the fish recorded in surveys (Table 
5.2).  The second most abundant species at Island Bay was Forsterygion 
maryannae; the second most abundant species at Kau Bay was F. lapillum.  
More than 50% of the F. lapillum individuals counted at Kau Bay were recent 
recruits (evidenced by their size, coloration, and behaviour patterns).  
In total, six species (N. celidotus, F. varium, F. maryannae, F. lapillum, 
Latridopsis ciliaris, and Odax pullus) were common and routinely observed (i.e., 
on almost every sampling date) across all sampling days at Island Bay after the 
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start of our experiment.  Four species (N. celidotus, F. lapillum, Parapercis 
colias, and N. fucicola) were observed across each sampling date at Kau Bay.  
We therefore limited our more detailed statistical analyses to these most 
abundant species at both sites (i.e., Odax pullus, small and large N. celidotus, 
small and large F. lapillum, Parapercis colias, small and large F. varium, N. 
fucicola, and F. maryannae). 
 
Table 5.2 Identities of the fifteen species of reef fish sighted in the field experiments. 
Numbers represent the cumulative counts of fish across all sampling days: Island Bay 
(n=7 days) and Kau Bay (n=7 days). For both sites, day 0 represent sampling day before 
the habitat manipulation. Values in brackets () represent abundance of small (i.e., 
juvenile) individuals  (SL < 50 mm for Labridae and Odacidae and SL < 30 mm for 
Tripterygiidae). 
 
 
Family  Island Bay 
 Species  Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Total 
         
Syngnathidae         
 Stigmatopora sp. 0 0 0 0 1 0 0 1 
 Hippocampus abdominalis  - - - - - - -  
         
Carangidae         
 Pseudocaranx dentex  0 0 0 0 25 0 0 25 
         
Latridae         
 Latridopsis ciliaris  0 2 1 4 7 5 1 20 
 Nemadactylus macropterus 0 - - 1 - - - 1 
         
Mugilidae          
 Adrichetta forsteri  0 2 0 0 0 0 0 2 
         
Labridae         
 Notolabrus celidotus  30(19) 207(67) 163(83) 22(20) 131(20) 95(82) 75(70) 723 
 Notolabrus fucicola 0 39 37 71 20 27(5) 29 223 
 Pseudolabrus miles 0 0 0 0 0 1 4 5 
         
Odacidae         
 Odax pullus 0 4(2) 1 6(1) 5(1) 5 3 24 
         
Pinguipedidae         
 Parapercis colias  0 0 0 0 1 0 0 1 
         
Tripterygiidae         
 Forsterygion lapillum 0 0 11 82(36) 76(20) 73(13) 68 (34) 310 
 Forsterygion varium 4(1) 8(1) 21(10) 70(21) 48(11) 40(1) 43 (11) 234 
 Forsterygion maryannae 0 6(6) 1 82 59 116 74 338 
 Notoclinus fenestratus 0 1 0 0 0 0 0 1 
 Ruanoho whero  0 0 0 0 1 2 1 4 
         
Total Individuals 34 269 235 338 374 364 298 1912 
Total Species 2 8 7 8 11 9 9 15 
- Represents species absent at this site 
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Cont, Table 5.2 
Family  Kau Bay 
 Species  Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Total 
        
Syngnathidae        
 Stigmatopora sp. - - - - - -  
 Hippocampus abdominalis  1 0 0 0 0 0 1 
        
Carangidae        
 Pseudocaranx dentex  - - - - - -  
        
Latridae        
 Latridopsis ciliaris         
 Nemadactylus macropterus - - - - - -  
        
Mugilidae         
 Adrichetta forsteri  - - - - - -  
        
Labridae        
 Notolabrus celidotus  319(194) 442(198) 510(231) 448(273) 418(276) 652(427) 2789 
 Notolabrus fucicola 3 7 10 7 25(3) 15(5) 67 
 Pseudolabrus miles - - - - - -  
        
Odacidae        
 Odax pullus - - - - - -  
        
Pinguipedidae        
 Parapercis colias  3 18 8 9 25 17 80 
        
Tripterygiidae        
 Forsterygion lapillum 0 0 157(128) 90(88) 304(121) 290(133) 841 
 Forsterygion varium 0 0 9(8) 0 11(7) 19 39 
 Forsterygion maryannae - - - - - -  
 Notoclinus fenestratus - - - - - -  
 Ruanoho whero  0 0 4 (4) 0 0 20(8) 24 
        
Total  Individuals 326 467 698 554 783 1013 3841 
Total Species 4 3 6 4 5 6 7 
- represents species absent at this site 
 
 Linear mixed model analyses suggested that reef fishes varied in their 
responses to the treatment manipulations and habitat heterogeneity (no-
macroalgae, single and mixed algae).  Figure 5.3 gives estimates of fish 
abundance (± 2SE) across the 9 treatments (pooled by sampling dates), and 
significant effects were identified using HPD values given in table 5.3.   
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Forsterygion varium (j) 
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Figure 5.3 Mean abundance (± 2SE) of small (juvenile) and large individuals species 
over the 9 treatment identities (TI) at two study sites. a) Odax pullus; b) Notolabrus 
celidotus ( SL <50mm)); c) N. celidotus (SL >50 mm); d) Forsterygion lapillum (SL 
<30 mm); e) F. lapillum (SL >30mm); f) P. col, Parapercis colias; g) F. varium (SL 
<30 mm); h) F. varium (SL >30mm); i) N. fucicola; and i) F. maryannae.  Refer to 
Table 2.1 for abbreviations on the treatment identities (TI).  Data were pooled across the 
different sampling days. 
 
 
Table 5.4  Summary of significance values of High Posterior Density (HPD) interval  
obtained after Markov Chain Monte Carlo (MCMC) simulations on the abundance of 7 
species at the 9 manipulated treatments identities (TI) at two sites (Kau Bay and Island 
Bay). Treatment identities are abbreviated as: NA, no macroalgae; MP, (Macrocystis 
pyrifera); CM (Carpophyllum maschalocarpum); CR, (Cystophora retroflexa); 2X 
density MA, (double density of M. pyrifera); 2X density CR (double density of 
Cystophora retroflexa); MP + CM, (M. pyrifera and C. maschalocarpum); MP + CR, 
(M. pyrifera and C. retroflexa); CM + CR, (C. maschalocarpum and C. retroflexa). 
Values in bold are significant at p-values < 0.05  
 
  a) Odax pullus  
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA - - - - 
Island Bay  NA 0.00 -0.20 0.20 1.00 
Kau Bay  MP - - - - 
Island Bay  MP 0.10 -0.10 0.30 0.31 
Kau Bay  CM - - - - 
Island Bay  CM 0.00 -0.20 0.21 1.00 
Kau Bay  CR - - - - 
Island Bay  CR 0.00 -0.20 0.21 1.00 
Kau Bay  2X MP - - - - 
Island Bay  2X MP 0.65 0.45 0.85 0.00 
Kau Bay  2X CR - - - - 
Island Bay  2X CR 0.00 -0.20 0.20 1.00 
Kau Bay  MP + CM - - - - 
Island Bay  MP + CM 0.10 -0.11 0.29 0.31 
Kau Bay  MP + CR - - - - 
Island Bay  MP + CR 0.15 -0.05 0.35 0.13 
Kau Bay  CM + CR - - - - 
Island Bay  CM + CR 0.00 -0.20 0.20 1.00 
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Cont, Table 5.3 
 
  b) Notolabrus celidotus ( SL< 50mm) 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 1.80 -1.35 4.93 0.22 
Island Bay  NA 0.55 -2.73 3.61 0.71 
Kau Bay  MP 8.35 5.19 11.50 0.00 
Island Bay  MP 1.20 -1.99 4.35 0.41 
Kau Bay  CM 7.10 4.07 10.40 0.00 
Island Bay  CM 0.85 -2.31 3.98 0.56 
Kau Bay  CR 6.20 3.05 9.41 0.00 
Island Bay  CR 0.90 -2.26 4.12 0.54 
Kau Bay  2X MP 11.95 8.83 15.09 0.00 
Island Bay  2X MP 1.65 -1.67 4.76 0.26 
Kau Bay  2X CR 5.75 2.59 8.86 0.00 
Island Bay  2X CR 1.10 -1.97 4.36 0.45 
Kau Bay  MP + CM 11.50 8.16 14.55 0.00 
Island Bay  MP + CM 3.30 -0.02 6.27 0.02 
Kau Bay  MP + CR 10.85 7.75 14.02 0.00 
Island Bay  MP + CR 2.75 -0.54 5.86 0.06 
Kau Bay  CM + CR 6.75 3.64 9.90 0.00 
Island Bay  CM + CR 2.45 -0.83 5.56 0.09 
 
Cont, Table 5.3  
  c) Notolabrus celidotus (SL >50 mm) 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 3.15 1.02 5.44 0.00 
Island Bay  NA 0.25 -1.93 2.43 0.81 
Kau Bay  MP 5.85 3.63 8.07 0.00 
Island Bay  MP 1.20 -1.10 3.36 0.26 
Kau Bay  CM 4.45 2.24 6.62 0.00 
Island Bay  CM 0.85 -1.35 3.16 0.42 
Kau Bay  CR 7.45 5.17 9.59 0.00 
Island Bay  CR 0.45 -1.72 2.79 0.67 
Kau Bay  2X MP 8.60 6.45 10.83 0.00 
Island Bay  2X MP 1.70 -0.54 3.87 0.11 
Kau Bay  2X CR 4.95 2.74 7.24 0.00 
Island Bay  2X CR 1.25 -0.90 3.50 0.24 
Kau Bay  MP + CM 7.95 5.82 10.26 0.00 
Island Bay  MP + CM 1.25 -0.85 3.51 0.24 
Kau Bay  MP + CR 6.15 3.99 8.45 0.00 
Island Bay  MP + CR 1.10 -1.23 3.21 0.30 
Kau Bay  CM + CR 4.70 2.45 6.88 0.00 
Island Bay  CM + CR 1.50 -0.70 3.76 0.16 
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Cont, Table 5.3 
  d) Forsterygion lapillum (SL < 30 mm) 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 3.35 1.60 4.95 0.00 
Island Bay  NA 0.40 -1.25 2.08 0.57 
Kau Bay  MP 2.05 0.40 3.79 0.00 
Island Bay  MP 0.40 -1.33 1.99 0.57 
Kau Bay  CM 2.80 1.06 4.41 0.00 
Island Bay  CM 1.25 -0.43 2.92 0.08 
Kau Bay  CR 1.55 -0.16 3.18 0.03 
Island Bay  CR 0.50 -1.14 2.15 0.48 
Kau Bay  2X MP 1.40 -0.23 3.10 0.05 
Island Bay  2X MP 0.30 -1.29 2.07 0.67 
Kau Bay  2X CR 1.95 0.29 3.60 0.01 
Island Bay  2X CR 0.80 -0.84 2.52 0.26 
Kau Bay  MP + CM 3.95 2.21 5.59 0.00 
Island Bay  MP + CM 0.65 -1.02 2.29 0.36 
Kau Bay  MP + CR 3.25 1.58 4.89 0.00 
Island Bay  MP + CR 0.45 -1.24 2.11 0.53 
Kau Bay  CM + CR 3.20 1.52 4.86 0.00 
Island Bay  CM + CR 0.55 -1.24 2.15 0.44 
 
Cont, Table 5.3 
  e) Forsterygion lapillum (SL < 30 mm) 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 3.35 1.76 4.89 0.00 
Island Bay  NA 0.40 -1.08 2.06 0.57 
Kau Bay  MP 2.05 0.38 3.58 0.00 
Island Bay  MP 0.40 -1.21 1.96 0.57 
Kau Bay  CM 2.80 1.20 4.38 0.00 
Island Bay  CM 1.25 -0.28 2.90 0.08 
Kau Bay  CR 1.55 -0.06 3.11 0.03 
Island Bay  CR 0.50 -1.10 2.05 0.48 
Kau Bay  2X MP 1.40 -0.15 3.03 0.05 
Island Bay  2X MP 0.30 -1.24 1.92 0.67 
Kau Bay  2X CR 1.95 0.33 3.52 0.01 
Island Bay  2X CR 0.80 -0.73 2.41 0.26 
Kau Bay  MP + CM 3.95 2.38 5.58 0.00 
Island Bay  MP + CM 0.65 -0.91 2.24 0.36 
Kau Bay  MP + CR 3.25 1.65 4.81 0.00 
Island Bay  MP + CR 0.45 -1.13 2.03 0.53 
Kau Bay  CM + CR 3.20 1.58 4.74 0.00 
Island Bay  CM + CR 0.55 -0.99 2.15 0.44 
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Cont, Table 5.3 
  f) Parapercis colias 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 0.80 0.24 1.32 0.00 
Island Bay  NA - - - - 
Kau Bay  MP 0.50 -0.05 1.02 0.05 
Island Bay  MP - - - - 
Kau Bay  CM 0.60 0.05 1.13 0.02 
Island Bay  CM - - - - 
Kau Bay  CR 0.25 -0.33 0.76 0.33 
Island Bay  CR - - - - 
Kau Bay  2X MP 0.15 -0.43 0.66 0.56 
Island Bay  2X MP - - - - 
Kau Bay  2X CR 0.00 -0.56 0.54 1.00 
Island Bay  2X CR - - - - 
Kau Bay  MP + CM 0.90 0.36 1.44 0.00 
Island Bay  MP + CM - - - - 
Kau Bay  MP + CR 0.65 0.10 1.17 0.01 
Island Bay  MP + CR - - - - 
Kau Bay  CM + CR 0.00 -0.54 0.55 1.00 
Island Bay  CM + CR - - - - 
 
Cont, Table 5.3 
  g) Forsterygion varium (SL < 30 mm) 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 0.05 -0.23 0.34 0.70 
Island Bay  NA 0.35 0.06 0.62 0.01 
Kau Bay  MP 0.10 -0.18 0.37 0.43 
Island Bay  MP 0.25 -0.04 0.52 0.05 
Kau Bay  CM 0.00 -0.28 0.29 1.00 
Island Bay  CM 0.15 -0.14 0.42 0.24 
Kau Bay  CR 0.25 -0.02 0.53 0.05 
Island Bay  CR 0.05 -0.22 0.34 0.70 
Kau Bay  2X MP 0.05 -0.23 0.33 0.70 
Island Bay  2X MP 0.30 0.02 0.58 0.02 
Kau Bay  2X CR 0.00 -0.28 0.28 1.00 
Island Bay  2X CR 0.40 0.12 0.67 0.00 
Kau Bay  MP + CM 0.15 -0.13 0.43 0.24 
Island Bay  MP + CM 0.80 0.52 1.08 0.00 
Kau Bay  MP + CR 0.00 -0.28 0.28 1.00 
Island Bay  MP + CR 0.15 -0.14 0.43 0.24 
Kau Bay  CM + CR 0.15 -0.13 0.43 0.24 
Island Bay  CM + CR 0.25 -0.04 0.52 0.05 
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Cont, Table 5.3 
  h) Forsterygion varium (SL > 30 mm) 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 0.00 -0.52 0.51 1.00 
Island Bay  NA 1.15 0.61 1.63 0.00 
Kau Bay  MP 0.05 -0.44 0.59 0.83 
Island Bay  MP 0.70 0.22 1.25 0.00 
Kau Bay  CM 0.10 -0.40 0.65 0.66 
Island Bay  CM 1.45 0.94 1.95 0.00 
Kau Bay  CR 0.05 -0.47 0.56 0.83 
Island Bay  CR 0.60 0.10 1.13 0.01 
Kau Bay  2X MP 0.15 -0.39 0.65 0.52 
Island Bay  2X MP 0.50 -0.01 1.03 0.03 
Kau Bay  2X CR 0.20 -0.33 0.70 0.39 
Island Bay  2X CR 0.75 0.25 1.27 0.00 
Kau Bay  MP + CM 0.35 -0.16 0.86 0.13 
Island Bay  MP + CM 1.30 0.79 1.82 0.00 
Kau Bay  MP + CR 0.20 -0.32 0.72 0.39 
Island Bay  MP + CR 0.85 0.29 1.32 0.00 
Kau Bay  CM + CR 0.10 -0.45 0.59 0.66 
Island Bay  CM + CR 1.10 0.54 1.58 0.00 
 
Cont, Table 5.3 
  i) Notolabrus fucicola  
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA 0.20 -0.44 0.77 0.46 
Island Bay  NA 0.55 -0.02 1.17 0.04 
Kau Bay  MP 0.45 -0.14 1.05 0.09 
Island Bay  MP 1.55 0.94 2.14 0.00 
Kau Bay  CM 0.25 -0.35 0.85 0.35 
Island Bay  CM 0.70 0.07 1.27 0.01 
Kau Bay  CR 0.25 -0.36 0.85 0.35 
Island Bay  CR 0.55 -0.04 1.15 0.04 
Kau Bay  2X MP 0.70 0.12 1.31 0.01 
Island Bay  2X MP 1.85 1.24 2.44 0.00 
Kau Bay  2X CR 0.15 -0.45 0.74 0.58 
Island Bay  2X CR 0.65 0.06 1.25 0.02 
Kau Bay  MP + CM 0.60 0.00 1.19 0.03 
Island Bay  MP + CM 1.20 0.58 1.80 0.00 
Kau Bay  MP + CR 0.35 -0.27 0.93 0.19 
Island Bay  MP + CR 1.40 0.80 2.01 0.00 
Kau Bay  CM + CR 0.25 -0.34 0.88 0.35 
Island Bay  CM + CR 0.75 0.15 1.36 0.01 
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Cont, Table 5.3 
  j) Forsterygion maryannae 
Site TI Estimate 
HPD interval 
p-value Lower Upper 
Kau Bay  NA - - - - 
Island Bay  NA 0.10 -3.18 3.61 0.95 
Kau Bay  MP - - - - 
Island Bay  MP 9.25 6.06 12.76 0.00 
Kau Bay  CM - - - - 
Island Bay  CM 0.00 -3.43 3.34 1.00 
Kau Bay  CR - - - - 
Island Bay  CR 0.00 -3.26 3.47 1.00 
Kau Bay  2X MP - - - - 
Island Bay  2X MP 4.00 0.83 7.43 0.01 
Kau Bay  2X CR - - - - 
Island Bay  2X CR 1.30 -2.25 4.55 0.42 
Kau Bay  MP + CM - - - - 
Island Bay  MP + CM 1.55 -1.68 5.08 0.34 
Kau Bay  MP + CR - - - - 
Island Bay  MP + CR 0.35 -3.05 3.69 0.83 
Kau Bay  CM + CR - - - - 
Island Bay  CM + CR 0.05 -3.35 3.37 0.98 
 
The butterfish, O. pullus, occurred at only 1 site (Island Bay) and on 
three treatments only (Fig. 5.3).  The HPD interval (Table 5.3) did not contain 
zero in only one treatment (2X density of M. pyrifera), indicating that this habitat 
type had a positive effect on the abundance of O. pullus.  Ambient densities of M. 
pyrifera and mixed macroalgae containing M. pyrifera had no detectable effect 
on O. pullus abundance (Fig. 5.3 and Table 5.3).   
Abundance of small (i.e., juvenile) spotties, N. celidotus, responded 
positively to mixed macroalgae of M. pyrifera (which also included C. 
maschalocarpum) at both study sites.  Abundance of small N. celidotus on 
patches without macroalgae was highly variable (and comparably low) at both 
sites.  Abundances of larger sized N. celidotus differed only between study sites 
(more abundant at Kau Bay than Island Bay), and I found no evidence for a 
behavioural response of these larger individuals to the imposed algal treatments 
(i.e., large N. celidotus appear to behave as habitat “generalists”) (Fig. 5.3 and 
Table 5.3). 
The abundances of both small and large size classes of the common 
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triplefin, F. lapillum were greater at Kau Bay relative to Island Bay.  For Kau 
Bay in particular, our analyses suggest that F. lapillum behaves as a habitat 
“generalist”, as it did not exhibit any preferences for our imposed treatments (Fig. 
5.3 and Table 5.3).   
The blue cod, Parapercis colias, occurred only at Kau Bay.  P. colias 
were present in significant numbers only in patches with no macroalgae, patches 
with C. maschalocarpum, and with mixed macroalgae of M. pyrifera with C. 
maschalocarpum and C. retroflexa (Fig. 5.3 and Table 5.3).   
The variable triplefin, Forsterygion varium showed no response to 
imposed habitat patches at Kau Bay (Fig. 2.3).  At Island Bay I detected 
significant responses from small individuals only.  Small F. varium, were present 
in significant numbers on patches with no macroalgae, and patches with 2X 
density of M. pyrifera and C. retroflexa.  Mixed macroalgae (M. pryifera with C. 
maschalocarpum) were preferred by small F. varium at Island Bay only.  
Forsterygion varium were less abundant and less clearly associated with 
particular habitat patches at Kau Bay; I did not detect significant effects on their 
abundance at this site. At Island Bay, large F. varium appear to behave as habitat 
“generalists”, as they showed no clear preferences for the imposed treatments 
despite being commonly recorded on all patch types (Fig. 5.3 and Table 5.3).  
The banded wrasse, Notolabrus fucicola, exhibited strong preferences for 
patches containing macroalgae, and their abundance was comparably low and 
unpredictable in patches with no macroalgae.  Abundance of N. fucicola was 
higher at 2X density of M. pyrifera at both study sites.  Notolabrus fucicola also 
appeared to prefer patches comprised a mixture of macroalgal species (which 
also included M. pyrifera) at both study sites.  The abundance of N. fucicola was 
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relatively high in other types of patches (e.g., ambient density of M. pyrifera, C. 
retroflexa, and combination of fucalean) at the Island Bay site only (Fig. 5.3 and 
Table 5.3). 
The oblique-swimming triplefin, Forsterygion maryannae, occurred at 1 
site only (Island Bay).  Their abundance was high on ambient and 2X density of 
M. pyrifera patches only (Fig. 5.3 and Table 5.3).    
The abundance of most fishes was generally low on patches without 
macroalgae (Fig. 5.3).  The HPD intervals indicate that, although in low 
abundance, some species consistently occurred on patches without macroalgae 
along the different sampling days.  This is reflected by the positive and 
significant estimates of this parameter for N. celidotus, F. lapillum, and P. colias 
at Kau Bay (Fig. 5.4 c-f).  At Island Bay, the HPD interval indicates that the only 
abundant species in patches with no-macroalgae were larger individuals of F. 
varium (Fig. 5.4 h). 
Irrespective of the macroalgal identities, estimated HPD intervals indicate 
that the habitat patches comprised of a single species macroalgae had positive 
effects on the abundance of both large and small size classes of N. celidotus and 
F. lapillum at Kau Bay (Fig. 5.4 b-e), and positive effects on the abundance of O. 
pullus, F. varium, F. maryannae and N. fucicola at Island Bay (Fig. 5.4 a, g-j).  
HPD intervals indicate that the treatments comprised of mixed 
macroalgal stands had positive effects on the abundance of N. fucicola and small 
individuals of N. celidotus at both study sites (Fig. 5.3 b, i).  Mixed stands of 
macroalgae had detectable positive effects on the abundance of large individuals 
of N. celidotus, F. lapillum, and P. colias at Kau Bay only (Fig. 2.3 c-f), and on 
both large and small F. varium at Island Bay only (Fig. 5.3 h-i).  
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The HPD intervals estimated for sampling days (included as a random 
effect to control for unmeasured environmental variation, e.g., day-to-day 
variation in water visibility) had a variable effect in most fishes. The range of 
HPD interval was lowest for O. pullus and N. fucicola (Fig. 2.3 a,i) and highest 
(e.g., most variable) for N. celidotus, F. lapillum and F. maryannae. These 
results suggest that the estimated abundances of these species varied over the 
course of the experiment (Table 5.2, Fig. 5.4 b-e).  
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Figure 5.4 High Posterior Density (HPD) interval for a) the butterfish, Odax pullus (SL 
< 350 mm); b) spotty juvenile, Notolabrus celidotus (SL < 50 mm) c) N. celidotus (SL < 
250 mm); d) the common triplefin juvenile, Forsterygion lapillum (SL < 30 mm); e) F. 
lapillum (SL < 60 mm); f) the blue cod, Parapercis colias (SL < 350 mm); g) the 
variable triplefin juvenile, Forsterygion varium (SL < 30 mm); h) F. varium (SL < 120 
mm); i) the banded wrasse, Notolabrus fucicola (SL < 400 mm); and j) oblique-
swimming triplefin, Forsterygion maryannae (SL < 60 mm).  Factors include: Site (Kau 
Bay and Island Bay) and species richness (SR, no macroalgae present, single species 
present, and mixed species stands).  The interval represents the range of the HPD values.  
Symbols connected by a line reflect the 95% confidence interval for HPD.  The width of 
the HPD confidence interval indicates the variability of the response (e.g., abundance of 
particular fish species).  HPD values not overlapping 0 indicate statistical significance at 
α=0.05 (also signalled by filled symbols).  Note that the HPD interval of the random 
effects “Day” reflects the standard deviation estimated after MCMC (refer to methods 
for details). 
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Variation in fish assemblages - CAP analysis indicated that most of the 
experimentally imposed patch types (treatment identities) developed into 
statistically distinct fish assemblages.  Patches comprising two species of 
macroalgae and/or of no algae were particularly distinct, as evidenced by the 
relatively high percentage of allocation success, though the two sites differed in 
some respects (cf., allocation success for M. pyrifera + C. retroflexa between 
sites, Table 5.4).   
 
Table 5.4 Canonical analysis of principal coordinates (CAP), results from Island Bay 
and Kau Bay. Total variation of the m axes (% Var.) of the principal coordinate analysis 
(PCO), allocation success of a priori groups, assigned as percent of points allocated to 
each of the treatment identities (NA, no macroalgae; MP, Macrocystis pyrifera, CR, 
Cystophora retroflexa; CM, Carpophyllum maschalocarpum; MP+CR, M. pyrifera and 
C. retroflexa; MP+CM, M. pyrifera and C. maschalocarpum; CM+CR, C. 
maschalocarpum and C. retroflexa), Site (I.B. Island Bay and K.B. Kau Bay), square 
canonical correlation (δ2), and p-value (P) obtained after 999 randomisations.  
 
  Allocation success (%)   
Site % Var NA MP CR CM MP+CR MP+CM CM+CR δ2 P 
I. B 93.7 38 13 2 17 33 29 29 0.1 0.006 
K. B 95.6 55 20 3 10 0 55 30 0.2 0.001 
 
 
MDS plots illustrate the nature of the between-site variation in fish 
assemblages, with experimental patch types clustering differently at the two sites 
in a pattern that is consistent with our univariate results throughout the different 
sampling days.  At Island Bay, patches without macroalgae clustered with M. 
pyrifera + C. maschalocarpum while other treatments are spread across the 
ordination space (Fig. 5.5a).  Assemblages of species that influenced this cluster 
at Island Bay were the most abundant species at this site (i.e., large N. celidotus, 
N. fucicola, F. varium and F. lapillum) as well as the blue moki Latridopsis 
ciliaris that was only sighted on these treatments.  Species such as F. varium, F. 
lapillum, and large N. celidotus occurred in higher abundances in patches with 
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no-algae and are responsible to the clustering in this site.  At Kau Bay, patches 
without macroalgae were well separated from all the macroalgal treatments.  
Species that contributed to this cluster were the most abundant (i.e., F. lapillum, 
N. celidotus) as well as other species such as the blue cod Parapercis colias and 
the spectacled triplefin, Ruanoho whero, which were frequently observed on 
unvegetated patches.  Those patches containing C. retroflexa clustered similarly 
with one another (all observed species of triplefins and N. celidotus comprised 
this assemblage), as did patches that contained M. pyrifera (Fig. 5.5b).  
Treatments with M. pyrifera with C. maschalocarpum formed another distinct 
assemblage (Fig. 5.5b), comprised of species such as small N. celidotus, F. 
lapillum, N. fucicola, and P. colias.   
 
 
 
 
Figure 5.5 nMDS ordination plot of Euclidean distances among centroids of the 
interaction between different treatment identities (no-algae and macroalgae treatments, 
see Table 1 for description) constructed at two study sites a) Island Bay and b) Kau Bay.  
Centroids were separately computed for each site from Bray-Curtis dissimilarities of 
untransformed data using principal coordinates 
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5.5  Discussion  
 
Evidence that the diversity and abundance of reef fishes may be related to 
heterogeneity and physical complexity of benthic habitats at both small (i.e., 
manipulated patches) and large (i.e., site) scales were found.  Following the 
construction of habitat-forming macroalgal patches, the abundance and overall 
diversity of reef fishes increased. Further, the experiments suggest that temperate 
reef fishes recognize and respond to different components of “habitat 
heterogeneity”, including macroalgal presence, species identity, stand 
composition, and density.  Results suggest that some macroalgae enhance the 
overall quality of a site by supporting more and different species of reef fishes.  
In the tank study, two fishes (Notolabrus celidotus and N. fucicola) 
showed different behavioral responses in a habitat selectivity experiment.  
Notolabrus fucicola demonstrated a strong preference for both Macrocystis 
pyrifera and Carpophyllum maschalocarpum.  Notolabrus celidotus, in contrast 
showed a more “generalist” response, and was observed to associate with all 
available habitats without any clear preference.  In field experiments, these two 
species exhibited responses that were consistent with the tank study:  N. fucicola 
demonstrated a statistically significant response to manipulated habitat features 
whereas N. celidotus did not. 
Our analyses of the field experiment suggests 1) most reef fishes 
examined responded to some component of habitat heterogeneity, whether 
presence/absence of macroalgae, composition of macroalgal stands (i.e., single 
or mixed species), and/or macroalgal densities; 2) most of these responses  
varied depending of the study site; 3) two of the three reef fishes for which I had 
stage-structured data showed evidence of habitat shifts between juvenile and 
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adult stages (e.g., N. celidotus and F. varium); and 4) mixed-species macroalgal 
stands and M. pyrifera (irrespective of density) yielded the highest abundances 
of reef fishes.  
Local abundances of reef fishes differed markedly between sites, 
suggesting some larger-scale environmental context (e.g., wave exposure, 
presence of other species, or local densities of resident fish) may mediate the 
importance of some components of habitat heterogeneity.  Studies conducted by 
others indicate that processes related to recruitment that may occur over larger 
spatial scales readily influence patterns of abundance at small spatial scales 
(Caselle and Warner 1996).  White and Caselle (2008) found that processes 
acting on both small and large scales influence the abundance of a reef fish.  In 
temperate waters off California, abundance of adult kelp bass (Paralabrax 
clathratus) was determined by habitat availability (kelp abundance) and 
conspecific density at small scales; spatial variation in larval supply explained 
the abundance of kelp bass at larger scales (White and Caselle 2008).  
Recruitment of many reef fishes is variable in space and time, and at locations 
and times when the supply of recruits is sufficiently high, local populations may 
be limited and regulated by density dependent interactions on the reef (Shima 
1999; Shima et al. 2008; White and Caselle 2008); in some cases these two 
sources of variation can interact to mask the positive effects of habitat quality at 
small spatial scales (i.e., “cryptic density dependence” sensu (Shima and 
Osenberg 2003)).  
Some reef fishes showed habitat shifts between juvenile and adult stages.  
Juveniles of N. celidotus, for example, were absent in patches without 
macroalgae and present in abundance over manipulated patches with M. pyrifera 
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(regardless of density and whether present in single- or mixed species stands).  
This response of juveniles was consistent at both study sites and different from 
responses of larger stages of N. celidotus.  Forsterygion varium showed a similar 
trend: juvenile and adult stages differed in their use of microhabitats but this 
apparent ontogenetic variation in habitat use was only observed at one site.  
Ontogenetic shifts in habitat use have been described previously for these species 
(Jones 1984b; Connell and Jones 1991; McDermott and Shima 2006).  In our 
study I did not detect ontogenetic changes in habitat use for Forsterygion 
lapillum (McDermott and Shima 2006), and I suggest that our study may have 
lacked the statistical power to detect these patterns. Implications and 
mechanisms underlying ontogenetic changes in habitats or resources warrant 
further study. 
On temperate reefs, both experimental (DeMartini and Roberts 1990; 
Holbrook et al. 1990a; Levin and Hay 1996) and descriptive studies (Anderson 
and Millar 2004; Pérez-Matus et al. 2007; Williams et al. 2008) suggest that 
local demographic and/or behavioural responses of fishes are commonly shaped 
by variation in underlying macroalgal habitat attributes.  Moreover, the ability of 
some species to detect and respond to habitat heterogeniety can account for 
variation in individual resource payoffs (Parker and Sutherland 1986; Hugie and 
Grand 1998; Levin et al. 2000).  Local densities often reflect responses of 
individuals to structural attributes of the habitat (Levin et al. 2000). Results are 
concordant with other studies conducted in temperate regions that have identified 
strong linkages between fish abundance and algal identities (Stephens et al. 1984; 
Holbrook et al. 1990b; Anderson and Millar 2004). Here, I documented two 
categories of temperate reef fishes in this study: 1) “specialist” fish species  that 
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responded to particular macroalgal identities, i.e., those fishes that increased 
their abundance or their frequency of occurrence under the presence of 
macroalgae (i.e., M. pyrifera for N. fucicola, O. pullus, juvenile F. varium, F. 
maryannae  in this study); and 2) “generalist” fish species, i.e., fishes with local 
abundances that were not determined by particular macroalgal identities (i.e., 
large N. celidotus and F. varium, F. lapillum, P. colias in this study).  Specialists 
may comprise species that are more likely to gain benefits of resource 
provisioning from macroalgae.  For example, the herbivore O. pullus feeds 
directly on reproductive branches and on blades of large brown algae (Choat and 
Clements 1992) and N. fucicola spends time in kelp structures searching for food 
occurring in kelp’s holdfast (Denny and Schiel 2001).  Further evidence of the 
trophic connections between these fishes and brown macroalgae is also 
supported by Hickford and Schiel (2008), who found that both fish species were 
highly susceptible to capture with gill nets placed in macroalgal habitats (due to 
enhanced risk of capture correlated with foraging behaviour; (Hickford and 
Schiel 2008)).  I found that N. celidotus (the most abundant species in the study) 
was affected by the presence of macroalgae only at early juvenile stages (Jones 
1984a); adults are generally more abundant on barren habitats, and this is 
presumably influenced by the distribution of food (Jones 1984b; Anderson and 
Millar 2004).  For F. varium, which responded to the presence/absence of 
macroalgae, the absence of a clear linkage with a particular macroalgal identity 
may be due to intense competitive interactions with N. celidotus (Jones 1984b), 
or a relatively uniform distribution of their preferred food items (i.e., gammarid 
amphipods; (Feary et al. 2009)) across different algal structures used in this 
study (Taylor and Cole 1994).  Other species that were not commonly observed 
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across sampling days (and therefore excluded from analyses) may avoid 
macroalgal structures, or may otherwise respond to macroalgae in ways that are 
not easily detectable by our mode of sampling.  For example, some species in 
our local area periodically may form dense feeding or schooling aggregations; 
such species with schooling behaviour (Pseudocaranx dentex, Latridopsis 
ciliaris, and Nemdactylus macropterus) may also be affected by the three 
dimensional structure of kelps (Siddon et al. 2008), but these behaviours (and 
their relationship with macroalgal structures) may occur too rarely to be detected 
by our sampling.  
Variation in behavioral patterns was apparent from both tank and field 
experiments.  Although I failed to quantify behavioural patterns for all fish 
species sighted during the study, results from these experiments suggest that 
species-specific behavioural responses may have a measurable influence on fish 
assemblages in temperate reef settings.  Conceptually, this can be explained by 
distributional models that attempt to predict patterns of movement and dispersal 
of a species across different habitats (Hugie and Grand 1998; Levin et al. 2000).  
Both the ideal free distribution (IFD) and the ideal despotic distribution (IDD) 
describe trade-offs that arise from behavioural decisions of individuals (Kramer 
et al. 1997).  In their application, both distributional models are sometimes based 
on untested assumptions of the individuals’ ability to perceive and discriminate 
among locally available habitats and/or other resources (Roshier et al. 2008).  
From the perspective of an individual of a given focal species, the decision to 
move from one patch to another may depend upon a range of (potentially 
conflicting) motives that, for example, may include maximisation of food 
resources and/or mating opportunities, minimisation of risk from predators 
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and/or competitors, etc (Kramer et al. 1997; Connell and Kingsford 1998; Crowe 
and Underwood 1998). 
Species with ecological preferences are likely to be present where those 
preferences are met (Legendre et al. 1997).  It is well known that fauna 
associated with habitat forming macroalgae are an important source of food for 
many predatory fishes in temperate regions (Taylor 1998a).  The distribution and 
abundance of associated fauna with habitat forming macroalgae is influenced by 
differences in macroalgal fronds, thallus shapes (Taylor and Cole 1994; Christie 
et al. 2007) and holdfast size (Thiel and Vásquez 2000).  These structures, 
manipulated indirectly in the present study, may induce different foraging 
patterns by fishes within different macroalgae species, or within phenotypically 
different individuals of the same species of macroalgae.  While macroalgae 
provide substratum for an array of associated fauna, their size and shape, 
physiological (and chemical defence) status, and whether they are present as 
single or mixed species stands will alter their ability to support faunal 
assemblages that comprise a forage base for many reef fishes.  More structurally 
complex habitats  (e.g., small vs tall, single vs mixed species stands of 
macroalgae) may increase prey survivorship (see review by Heck and Crowder 
1991).  Therefore, fishes may select habitats that offer different rewards (pay-
offs) (Levin and Hay 1996; Levin et al. 2000), and spatial variation in these 
rewards may determine the uneven distributions of fishes in our study. 
Fish species varied in their responses to different forms of heterogeneity 
in macroalgal habitats.  This variability in responses suggests the need for a more 
sophisticated understanding of the relationship between the habitats and species.  
Variation in responses among species may result from different niche 
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requirements (e.g., food and shelter) and/or the trade-offs that different 
components of macroalgal architecture represent for individuals.  Environmental 
heterogeneity underpins the basis for management and conservation of many 
ecological systems (Fuhlendorf et al. 2006).  While the effect of heterogeneity on 
species distribution is well understood for many terrestrial ecosystems (e.g., 
Dornelas et al. 2009) similar applications tend to be greatly simplified in marine 
ecosystems, where spatial management strategies are often limited to “no-take” 
areas (often with relatively little consideration of linkages between habitat and 
target species).  Results suggest that species may respond in different ways to 
habitat features, and therefore that fish assemblages may differ from one area to 
another depending upon these features.  These diverse responses to experimental 
manipulations of macroalgal structure suggest complex species interactions that 
may operate synergistically to shape the relationships between temperate reef 
fishes and associated macroalgal habitats. 
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CHAPTER 6 
Density and trait-mediated effects of fish predators on amphipod grazers: 
potential indirect benefits for the giant kelp, Macrocystis pyrifera 
 
 
6.1 Abstract 
Indirect effects of predators on primary producers may arise when 
predators suppress herbivore abundance and/or alter the behaviour patterns of 
herbivores in ways that reduce grazing pressure.  Most studies highlight the role 
of predators in reducing herbivore abundance (i.e., density-mediated 
interactions), while behavioural effects (i.e, trait-mediated interactions) induced 
by predators are less commonly considered, and are often assumed to be of 
secondary importance.  I used a mesocosm experiment to evaluate the 
consumptive and behavioural effects of two species of predatory fishes on 
amphipod grazers that feed and nest on the giant kelp, Macrocystis pyrifera.  
Only one (Notolabrus celidotus) of the two predator species reduced grazer 
abundance.  Although the second predator species (Notolabrus fucicola) did not 
affect grazer abundance directly, it significantly reduced the grazing efficiency 
of amphipods on blades of M. pyrifera.  The present study illustrates how density 
and trait-mediated interactions reduce grazer efficiency and provide potential 
indirect benefits to primary producers. To my knowledge, this is the first 
experimental evidence of a potential trophic cascade in kelp beds generated by 
consumptive and non-consumptive effects.  When considered alongside results 
of other studies that highlight positive effects of macroalgae on reef fish 
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demographic rates, these results provide compelling evidence that mutualistic 
relationships may exist between kelp and associated predatory fishes.  
 
6.2 Introduction  
 
Predation is a pervasive process that can influence community 
organization (Paine 1966; Schmitz 1998; Duffy and Hay 2001) and ecosystem 
functioning (Schmitz 1998; Sih et al. 1998; Schmitz 2009).  A fundamental 
component of predation is the direct removal of prey, leading to reductions in the 
numerical abundance of prey populations (Murdoch et al. 2003).  Such 
reductions are considered density-mediated interactions (DMI) between 
predators and prey (Abrams 1995).  Most food-web studies have focused on 
DMIs, placing keystone predation, exploitative competition, and cascade effects 
in the context of changes in densities of predators and/or prey populations (Sih et 
al. 1998; Duffy and Hay 2001).  However, predators can also induce phenotypic 
effects (i.e., trait-mediated interactions, TMI, on prey populations (Abrams 
1995))ñ on prey populations (Lima 1998).  These effects may include 
morphological, physiological, or behavioural responses from prey (Preisser et al. 
2005).  For example, when confronted with predators, most prey seek refuge, 
which may result in a period of inactivity (Sih 1980; Lima and Dill 1990).  This 
shift in behaviour patterns can alter the per capita effects of the prey species on 
other species (see Werner and Peacor 2003, references therein).  Though both 
density and trait-mediated interactions can, in principle, affect the dynamics of 
other species in the local community (Abrams 1995),  the relative importance of 
these two pathways is poorly known in most cases (but see Luttbeg et al. 2003).  
  136
Many temperate subtidal areas are characterized by the presence of 
habitat forming kelps (Dayton 1985a), including Macrocystis pyrifera, which 
forms dense forests in the Northern and Southern hemisphere (Pérez-Matus et al. 
2007). Many seaweed populations are influenced by herbivory (Dayton 1985a).  
Although several species of large invertebrates are known to be important 
grazers of M. pyrifera (for review see Steneck et al. 2002), small mobile 
invertebrates (mesograzers) such as amphipods are also potentially important in 
structuring seaweed populations (Duffy and Hay 2000; Graham 2002; Haggitt 
and Babcock 2003).  Amphipods are one of the most abundant and diverse 
groups of small invertebrates inhabiting M. pyrifera (Coyer 1984) and other 
temperate brown macroalgae (Taylor and Cole 1994).  The cumulative effects of 
grazing by amphipods may be similar to other herbivores on kelp beds (Sala and 
Graham 2002), in some cases these effects may be stronger (Haggitt and 
Babcock 2003).  Furthermore, the high diversity of amphipod species suggests 
that feeding patterns may vary (Duffy 1990), implying a potential range of 
ecological consequences attributable to this group of mesograzers (Duffy and 
Hay 2000).   
In kelp habitats, amphipods also provide a link between kelp and higher 
trophic levels, including fish, which are voracious predators of amphipods (Jones 
1988a; Holbrook et al. 1990b; Taylor 1998a).  Top-down control of amphipods 
by fishes constitute a positive indirect effect, in which fishes benefit the health 
and growth of kelp (Davenport and Anderson 2007; Newcombe and Taylor 
2010).  Some marine fishes are known to substantially reduce the local 
abundance of amphipods, but no studies (to my knowledge) have addressed 
possible trait-mediated effects of fishes on amphipod-kelp interactions.  In 
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freshwater systems, several studies have indicated that amphipods under threat of 
predation tend to reduce foraging time (Andersson et al. 1986), mate less 
frequently (Cothran 2004), and alter their mating decisions (Dunn et al. 2008).  
These behavioral responses to predators may deleteriously affect prey 
populations and alter community structure via trophic cascades.  How fishes in 
temperate kelp systems might affect interactions between amphipods and M. 
pyrifera remains unknown. 
Many ecological communities are comprised of multiple predators that 
may target a common prey item and contribute to density- and/or trait-mediated 
interactions (Schmitz 2007).  In some cases, the presence of multiple predators 
may actually reduce the overall risk of predation, when for example, two or more 
predators interfere with each other, or when predators also prey on each other 
(i.e., intraguild predation). Alternatively, the presence of two or more predators 
may enhance their individual effects (e.g., when the anti-predator behaviour of 
prey to one predator increases its risk to other predators; see Hixon and Carr 
1997; Van Son and Thiel 2006).   
Here, I use a mesocosm study to evaluate the separate and joint effects of 
two common reef fishes (Notolabrus celidotus and N. fucicola: Family Labridae) 
on the interaction between amphipod grazers and the kelp M. pyrifera.  
Specifically, we evaluated the effects of fishes on the survival (DMI) and grazing 
efficiency (TMI) of amphipods.  Both fish predators are common inhabitants of 
M. pyrifera kelp forests, and both feed upon invertebrates including amphipods.  
We hypothesised that similar feeding modes exhibited by these two fishes would 
not lead to risk enhancement for amphipod prey.  Instead, we predicted that the 
two fish predators might interfere with one another, leading to enhanced prey 
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survival in the presence of both predators (Schmitz 2007).  Finally, I 
hypothesised that the effects of fishes on amphipods would be consumptive, such 
that fishes might alter amphipod-kelp interactions primarily via density-mediated 
interactions 
 
6.3 Materials and Methods 
6.3.1 Preliminary studies and field collections  
 
The gammarid amphipods used in this study (Pseudopleonexes lessoniae 
and Bircenna macayai) live and feed upon blades of Macrocystis pyrifera as well 
as other brown macroalgae.  My preliminary studies confirmed that both 
amphipods leave similar grazing marks when consuming M. pyrifera; however, 
they differ in their sheltering behaviors (M. Thiel personal communication) (see 
Fig. 6.1 and 6.2 for illustrations). 
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Figure 6.1 depicting a) grazing marks on a blade of Macrocystis pyrifera after 3 days in 
experimental aquaria b) blade with single nest, and c) close-up of single nest constructed 
by one individual of Pseudopleonexes lessoniae. 
 
  140
 
Figure 6.2 depicting a) grazing marks on a blade of Macrocystis pyrifera after 3 days in 
experimental aquaria b) a close-up of grazing marks and a blade that has become 
dislodged from pneumatocysts due to grazing, and c) close-up of feeding galleries with 
3 individual Bircenna macayai 
 
According to my surveys from a representative location within the study 
region (see below), mean amphipod densities can reach up to 11.52 (±4.82 SD) 
per frond of M. pyrifera (Fig. 6.3). Amphipods are common prey items for fish 
predators including the locally common labrids Notolabrus celidotus and N. 
fucicola (Russell 1983; Denny and Schiel 2001; Francis 2001). Juveniles and 
adult Notolabrus celidotus and N. fucicola are commonly found in association 
with M. pyrifera on rocky reefs of Wellington, New Zealand (see Chapters 4,5 
and  Pérez-Matus and Shima 2010).  
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Figure 6.3 Mean (± SD) of associated fauna on one-meter apical lengths of fronds of 
adults of M. pyrifera 
 
I collected six one-meter apical lengths of fronds of adult M. pyrifera 
individuals, using mesh collecting bags (0.5 mm mesh) that were designed to 
retain the associated epifauna (including the mesograzers Pseudopleonexes 
lessoniae and B. macayai).  I then used seawater to rinse the epifauna from each 
sampled M. pyrifera length into a sieve.  I collected 12 juvenile N. celidotus 
(each ~14 cm in total length, TL) and 12 juvenile N. fucicola (~20 cm TL) using 
baited traps (constructed with knotless 15 mm mesh, 75 cm in length, with a 
mesh opening of 8 cm diameter, baited with mussels, and deployed beneath kelp 
canopies for ~10 minutes).  Prior to each experimental trial (see below), newly 
collected fish individuals were acclimatized (without food) between 24 - 32 h in 
indoor tanks with circulating seawater.  Amphipods were acclimatized in 
separate tanks with aerated seawater only for the same period.  All individuals 
(macroalgae, amphipods and fishes) were used only once (i.e., new organisms 
were collected for each trial). 
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6.3.2 Experimental design 
 Experiments were conducted in outdoor tanks (mesocosms) at the National 
Institute of Water and Atmospheric Research (NIWA, Greta Point, Wellington), 
and all organisms used for these studies were collected from a common location 
at Karaka Bay, Wellington New Zealand (41°18'31"S - 174°49'58"E).  I 
constructed 5 experimental mesocosms using black plastic tanks (150 cm 
diameter, 45 cm height) supplied with recirculating water at a flow rate of 10 L 
min-1 (Fig. 6.4 a).  Tanks were covered with 0.5 mm mesh that provided shade to 
M. pyrifera (to more closely match the light environment experienced by 
seaweeds in the field) and prevented fishes from jumping out of the tanks.  At 
the centre of each tank we constructed a cylindrical cage (60 cm diameter and 2 
mm mesh size, spanning the full height of the tank).  This cage structure 
facilitated our manipulation of fish access to M. pyrifera and amphipods, as 
required for some experimental treatments (described below). To evaluate 
potential cage artefacts (Steele 1996), we used mock cages (with an open panel) 
for a set of our fish exclusion and control tanks (detailed below).  Within each 
tank we added a single frond of M. pyrifera (~50 cm length), which included an 
average of 20 (± 3 SD) blades and the apical meristem (Fig. 6.4 b).  In order to 
avoid the effects of grazing history on the experimental blades, I carefully 
selected fronds without grazing marks.   
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Figure 6.4 a) Mesocosm dimensions and arrows representing flow of seawater; and b) 
mesocosm shown in cross-section to illustrate placement of organisms relative to 
internal cage.  Each mesocosm contained one cage.  Each cage contained a single frond 
of M. pyrifera.  For all treatments except the “autogenic” treatment, an initial population 
of amphipods was introduced to the kelp frond. Fish were then added to the cage as 
prescribed by the treatments (refer to methods). Organisms within tanks are not shown 
to scale. 
 
Experimental fronds were established with standardized densities of 
mesograzers. To ensure that all epifauna were removed from experimental fronds, 
these were soaked in fresh water for 3 minutes immediately prior their addition 
to the experimental tanks (this effectively removed any remaining epifauna not 
captured by the initial sieving).  This treatment did not seem to adversely affect 
M. pyrifera.  I attached defaunated fronds to a rock at the bottom-centre of each 
tank with a plastic cable-tie.  Finally, I supplied a standardized number and 
composition of amphipods to each mesocosm. The composition of amphipods 
added to each mesocosm was identical within trials. For all trials but one, I 
added 6 individuals of each species of amphipod. For the aberrant trial, I stocked 
mesocosms with 5 individuals of Pseudopleonexes lessoniae. and 2 of B. 
macayai (because I was limited by the total number of amphipods obtained from 
our prescribed collection regime).  Amphipods were added to mesocosms one 
hour prior to the addition of predatory fishes.   
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Using this basic conFig.uration, I established 5 unique treatments to 
evaluate the direct and indirect effects of N. celidotus and N. fucicola (separately 
and in combination) on the survivorship, nesting behaviour, and grazing 
efficiency of amphipods on M. pyrifera.  Treatments were as follows:  (1) “N. 
celidotus predator”: 6 juvenile N. celidotus and amphipods were added to the 
central cage of the mesocosm (i.e., with M. pyrifera).  (2) “N. fucicola predator”: 
6 juvenile N. fucicola and amphipods were added to the central cage of the 
mesocosm.  (3) “Both predators”: 3 juvenile N. celidotus and 3 juvenile N. 
fucicola and amphipods at ambient densities were added to the central cage of 
the mesocosm.  (4) “Fish exclusion” in which three individuals of N. celidotus 
and three of N. fucicola were added to the tank but outside the cage (i.e., fishes 
had no direct access to kelp and amphipods, which were inside the cage), (5) 
“autogenic” in which kelp was included without either fish or amphipods; this 
treatment served as a control that enabled me to evaluate the overall performance 
of the kelp (e.g., background tissue accumulation or degradation) under 
experimental mesocosm conditions in the absence of grazing pressure.  This 
treatment also helped me to develop protocols to distinguish between natural 
decay and grazing marks caused by amphipods.    
I employed a “substitutive design” which held the overall predator 
density constant, because one of our primary goals was to evaluate interspecific 
interactions (Sih et al. 1998).  Because I was constrained by the number of 
available tanks for mesocosms, I replicated treatments in time (i.e., “trials”; 
rotating the assignment of treatments across tanks for each trial).  The duration 
of each experimental trial was six days.  I completed a total of 8 trials (n = 8 
replicates) for each treatment, and all trials were completed between 10  February 
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and 22 April 2009.   
6.3.3 Density-mediated effects of fishes on amphipods  
Lethal effects (i.e., predation) of fishes on amphipods were estimated as 
the proportion of amphipods surviving after each trial.  Following each trial 
period, I removed fishes and sieved the contents of each tank, recording the 
number of remaining amphipods.   
I used generalized linear models (GLM) (Crawley 2007) to analyse our 
data because our response variable (proportions based upon counts) had unequal 
variances and non-normally distributed errors.  I contrasted all predator access 
treatments against the fish exclusion treatment (i.e., “N. celidotus predator”, “N. 
fucicola predator”, “Both Predators” vs. “Fish exclusion”), using the proportion 
of amphipods surviving as the response variable.  For this GLM I specified a 
binomial error distribution and a logit link function.  Data were overdispersed 
(residual deviance model = 43.7, df = 28) and were corrected using a 
quasibinomial error distribution (Crawley 2007).  I conducted a second set of 
contrasts to detect emergent impacts of multiple predators (Sih et al. 1998). I 
contrasted the proportion of amphipods surviving in the treatment with both 
fishes present against treatments with either N. celidotus or N. fucicola present 
(i.e., “Both Predators” vs. “N. celidotus predator” and “Both Predators” vs. “N. 
fucicola predator”).  A significant difference between treatments was interpreted 
as evidence of  emergent multiple predator effects (MPE).  Data were 
overdispersed (residual deviance model = 72.16, df = 28) and were corrected 
using a quasibinomial error distribution (Crawley 2007).  Moreover, I calculated 
the expected survival (E) of amphipods assuming independence in the presence 
of both fish predators (Vonesh and Osenberg 2003) as:   
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  Ε (N .celidotus,N . fucicola) =
(σ N .celidotus ×σ N . fucicola)
(σ fish−exclusion)             (eq, 1) 
where   σ  is the mean proportion (%) of amphipods that survived in each 
treatment.  This was further compared with the mean number of survivors from 
the treatment when both fish predators where together, to detect risk reduction or 
enhancement on survivorship of amphipods (Vonesh and Osenberg 2003).  
 
6.3.4 Trait-mediated effects of fishes on the grazing efficiency of amphipods  
Grazing marks left by amphipods are indicative of their direct 
consumption of M. pyrifera tissue.  I characterized grazing marks inflicted by the 
two amphipod species in the focal study.  Undamaged portions M. pyrifera 
blades were individually immersed in indoor aquaria with seawater and with 
specimens of amphipods. These observations enabled me to identify grazing 
marks in the mesocosm experiment (and to differentiate these from algal decay).   
I assessed grazing activity on six randomly selected blades taken from each 
treatment/trial in our mesocosm experiment. I counted all apparent grazing 
marks, and to estimate grazing efficiency, I standardized these counts by the 
effective densities of amphipods (i.e., I multiplied the observed number of 
grazing marks  by the ratio between the number of amphipods (initial number of 
individuals) and the number of blades within the mesocosm).   
I conducted a preliminary analysis to validate our estimates of grazing 
mark by contrasting our “Fish exclusion” treatment (i.e, amphipods present) and 
our  “Autogenic” control (i.e., amphipods absent). Following this initial 
assessment, I used GLM (with Poisson error distribution and log link function) 
to evaluate variation in amphipod grazing efficiency, contrasting each of the 
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predator access treatments against the “Fish exclusion” treatment (i.e., “N. 
celidotus predator”, “N. fucicola predator”, “Both Predators”, vs. “Fish 
exclusion”).  Data were overdispersed (residual deviance model = 1183, df = 235) 
and were corrected using a quasipoisson error distribution  (Crawley 2007).  All 
statistical tests were performed using R 2.10.  
 
6.4 Results 
6.4.1 Density-mediated effects  
 
When fish were excluded from the inner cage of mesocosms, amphipods 
persisted at ~50% of their initially stocked densities.  I attributed these losses of 
amphipods to emigration from the kelp fronds (mesh size of 0.5 mm did not 
prevent movement of amphipods). Where N. celidotus was present alone, 
amphipods were reduced to ~10% of their initial stocked densities (Fig. 6.5a), 
and relative to the “fish exclusion” treatment, this suggests an 80% decrease in 
amphipod survival (t = 3.12, df = 28, P < 0.001). A similar reduction in survival 
(i.e., population were reduced to ~12% of initial densities) was observed in the 
treatment where both fish species had access to amphipods (t = 2.63, df = 28, P < 
0.01). When only N. fucicola had access, amphipod populations persisted at 
~40% of initial stocking densities, and relative to the “fish exclusion” treatment, 
this did not reflect a significant reduction in amphipod survival (t = 0.55, df = 28, 
P = 0.55) (Fig. 6.5a).   
Results from this mesocosm experiment do not suggest emergent multi-
predator effects.  The expected proportion of amphipod survivors (assuming the 
effects of predators were independent of one another), this was determined to be 
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8.6 % and did not differ significantly from observed proportion (12.3 ±10.1 
[mean ± 95% CI]%), indicating an absence of emergent multi-predator effects 
(or our inability to detect such effects given our level of replication) when both 
predatory fishes were together (t = -0.57, df = 28, p >0.05).  In this case, the 
absence of an emergent multi-predator effect is not surprising because only one 
predator (N. celidotus) appeared to be an effective consumer of amphipods in the 
mesocosm experiment (e.g., Fig. 6.5 a).  
6.4.2 Trait-mediated effects of fishes  
Both amphipod species (Pseudopleonexes lessoniae and Bircenna 
macayai) caused visible marks on M. pyrifera in our preliminary aquarium 
experiment, and marks concordant with these observations were readily 
identifiable in both the mesocosm experiment and our casual field observations.  
Both species damaged only the blade lamina of M. pyrifera, and left no grazing 
marks on pneumatocysts.  Both species generated deep bites on the blades that 
can result in complete holes.  However, only Pseudopleonexes lessoniae inflicted 
substantial lateral damage and bites along the blades, such that within 3 days 
blades routinely became detached from the pneumatocyst.  In contrast, grazing 
by Bircenna macayai more commonly resulted in the formation of a “gallery” of 
~1 cm long, and within this structure grazing appeared to proceed primarily 
beneath the blade surface (e.g., from within a “burrow” structure). 
Pseudopleonexes lessoniae constructed nests within a period of hours, and they 
can also leave grazing marks inside the nests (see photographs of grazing marks, 
nests and galleries).   
After 3 days with M. pyrifera blades in aquaria, both amphipod species 
consumed substantial amounts of algae, and their activity gave a very clear 
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“search image” for grazing marks, and this informed my estimates of grazing 
efficiency in my mesocosm treatments (see Figures 6.1 and 6.2 for details).   
Grazing efficiency of amphipods increased 15-fold in the absence of fish 
predators (i.e., relative to the Autogenic treatment, where amphipods were not 
added:  t = -6.27, df = 235, P < 0.001). I believe this significant difference 
validates my identification of grazing marks left by amphipods.   
Relative to the “fish exclusion” treatment, the presence of N. celidotus 
and N. fucicola alone resulted in a 5-fold decrease (t = -5.72, df = 235, P < 0.001; 
Fig. 1b) and a 2-fold decrease (t = -2.11, df =235, P < 0.01) in the number of 
grazing marks respectively. Relative to the “fish exclusion” treatment, the 
presence of both predators resulted in 2.5-fold decrease in the number of grazing 
marks (t = -4.175, df = 235, P < 0.001; Fig. 6.5b).   
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Figure 6.5 a) Proportional survival (± 95% CI) of amphipods; b) mean (± 95% CI) of 
per-capita number of grazing marks per blade.  Treatments are as follows: “N. 
celidotus” present,  “N. fucicola” present,  “Both predators” predators,   “Fish 
exclusion” and “Autogenic control”.  * denotes significant (P < 0.05) differences 
relative to the treatment “Fish exclusion”. 
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6.5 Discussion 
The present study suggests that two temperate reef fishes exert positive 
indirect effects on seaweeds (via consumption or behavioural modification of 
grazers), and that these two fish species do not interfere with one another or 
otherwise enhance the risk of their prey.  
Specifically, I found that both fish species in our study independently 
reduced the grazing pressure of amphipods on M. pyrifera, and importantly, they 
appeared to produce this effect via different mechanisms. Notolabrus celidotus 
exerted a direct effect on the amphipod-algae interaction by reducing the 
numerical abundance of amphipods grazers via consumption. In contrast, N. 
fucicola did not appear to directly consume our focal amphipod species (at least 
in the context of our experimental mesocosms).  Instead, N. fucicola exerted an 
indirect effect on amphipod-algae interactions, perhaps by altering the behaviour 
of amphipods.  
In the presence of N. celidotus, amphipods survived poorly and this may 
explain their reduced grazing activities on blades of M. pyrifera. Thus, N. 
celidotus appears to affect amphipod-algae interactions via a density-mediated 
interaction (DMI).  In contrast, the presence of N. fucicola appears to induce a 
behavioural change in amphipods that also results in reduced grazing activity, 
and this is consistent with  N. fucicola provisioning benefits to M. pyrifera via a 
trait-mediated interaction (TMI).  The strength of the DMI in this system appears 
to be twiace as strong as the TMI.  Some authors have argued that DMIs are 
more important in magnitude than TMIs (but see Huang and Sih 1990).  The 
strength of both DMIs and TMIs depend on the foraging behaviour of predators 
and risk effects posed to prey species (Schmitz and Suttle 2001).  In short, prey 
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species may trade-off risks of starvation with risk of being eaten (both are 
function of foraging time) (Schmitz et al. 1997).  Both DMIs and TMIs must be 
considered when evaluated predatory impacts on communities.  
The importance of trait-mediated effects is apparent  across a range of 
environments. Turner (1996, 1997) demonstrated the effects of a TMI involving 
molluscivorous fish and a snail grazer on periphyton dynamics in a freshwater 
system. Similarly, Trussell et al. (2002, 2004) found that TMIs could be even 
more important than the direct consumption by predators in some marine tide 
pools.  Most studies of TMIs, however, have been conducted with predators on 
target prey: non-consumptive effects become important in community dynamics 
interesting when predators induce behavioural changes in non-targeted prey 
whilst reducing the strength of herbivory on plants (Walser and Schausberger 
2009). 
This study confirms that the mere presence of a predator (e.g., N. fucicola) 
can reduce herbivore damage by a non-target prey.  Reduced foraging activity 
and increased use of shelters to decrease detection by predators are common 
anti-predator behaviours. These have been described previously in several 
amphipod-fish predator interactions (Williams and Moore 1985; Andersson et al. 
1986; Bollache et al. 2006). According to the trait compensation hypothesis, prey 
with poor morphological defence might show stronger anti-predator behaviors 
than morphologically well-defended prey (Dewitt et al. 1999).  Amphipods may 
initiate a series of behavioural actions to avoid natural enemies (e.g., N. celidotus) 
or unusual predators (e.g., N. fucicola in our study).  Both amphipod species and 
both sexes of amphipods examined here have the ability to construct “nests” by 
curling the blades of macroalgae (Appadoo and Myers 2003), or they may 
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generate “galleries” that provide sites for reproduction and refuge from predators 
while feeding.  Like many crustaceans, amphipods may use chemical cues to 
detect- and escape from predators (Hazlett 1999). I observed losses of 
amphipods of close to 50% when predators were present in the experimental 
mesocosm but unable to access their prey.  One possible explanation for these 
losses is that the prey (i.e., amphipods) may detect chemical cues from fish 
predators, and subsequently, attempt to emigrate to a safer location.  
Unfortunately, this experimental design did not include a treatment with 
amphipods present and fish absent from the mesocosm so I’m unable to address 
this possibility directly.  
I was unable to identify a significant emergent multiple predator effect 
(MPE) on amphipod survival when both fish predators where present. I did not  
find risk reduction or enhancement of prey consumption, suggesting that when 
they are together, these predators do not interfere with each other.  Amphipod 
survival was low when N. celidotus was present alone.  Amphipod survival was 
similarly low when  N. celidotus was present  with N. fucicola; this is considered 
to be a trivial MPE (Sih et al. 1998).  This is concordant with the majority of 
MPE studies which have found that multiple predators are not substitutable in 
their consumption of prey (reviewed by Sih et al. 1998). Although amphipods 
frequently occur in the diet of both fishes (Russell 1983; Denny and Schiel 2001), 
the lack of substitutable predatory effects between N. fucicola and N. celidotus 
may be explained by a combination of a lack of competition for prey resources 
(suggesting resource partitioning) and a narrow habitat domain of amphipods (i.e, 
occurring only on fronds of M. pyrifera).  For example, if in the field one 
predator forages more commonly on fronds while the other forages on the 
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holdfast as have been suggested (Jones 1984b; Denny and Schiel 2001), MPEs 
would be expected to be trivial (or else dependent upon the degree to which 
amphipods move between these microsites within M. pyrifera). Hence, spatial 
partitioning of prey and predator activities could simplify to, effectively, two 
separate single predator-prey systems, where only one predator is able to reduce 
amphipods numerically in each microsite (Schmitz 2007 ). 
Reported ontogenetic changes in the diet of the fish predators offer 
another explanation to the observed differences between fish species in their 
propensity to consume amphipod prey.  Both N. celidotus and N. fucicola 
undergo dietary shifts in their preferences for small crustaceans such as 
amphipods (Jones 1984b; Denny and Schiel 2001).  According to Denny and 
Schiel (2001), larger N. fucicola (such as those used for this study) consume 
more hard-shelled prey than smaller size classes (~150 mm in TL), which more 
regularly consume amphipods.  While larger N. fucicola may no longer target 
amphipods as prey, amphipods may be unable to distinguish between size classes 
of known fish predators. 
Grazing activities of amphipods may have substantial effects on many 
marine communities (Haggitt and Babcock 2003). At least one study suggests 
that grazing pressure increases following El Niño events, when amphipod 
populations have been observed to increase (Tegner and Dayton 1987).  Grazing 
by amphipods may be severe enough to limit recruitment (Tegner and Dayton 
1987; Graham 2002) and lead to compensatory growth of M. pyrifera (Cerda et 
al. 2009).  Fishes are known to mediate amphipod populations by consumptive 
effects that can reduce local densities of amphipods (Newcombe and Taylor 
2010).  Thus, fishes may also be expected to regulate grazing pressure and 
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benefit M. pyrifera via DMIs.  In the study area, fish densities are elevated in 
vegetative structures (Pérez-Matus and Shima 2010) and maybe sufficiently high 
to suppress amphipod populations. My results are partially consistent with other 
experiments conducted in mesocosms (Duffy and Hay 2000; Newcombe and 
Taylor 2010) and field caging experiments manipulating fish predators 
(Davenport and Anderson 2007; Korpinen et al. 2007), in that they revealed a 
significant effect of amphipods on benthic biota in the absence of fish predators.  
The present experiment also suggest that fishes may similarly benefit M. pyrifera 
via a non-consumptive (i.e., TMI) effect on prey behaviour.  The data provided 
in this study motivate future research into the behaviour, ecology and evolution 
of possible mutualistic relationships between kelp and their associated fish fauna.   
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CHAPTER 7 
Summary, final considerations and future research 
 
 
The relationships between environmental variables and the distribution 
and abundance of fishes provide essential insights into the processes that regulate 
the structure of subtidal reef communities (Luckhurst and Luckhurst 1978; 
Jennings et al. 1996).  A range of interactions between fishes and their 
environment determine observed distributions and abundances of fishes. 
Mediated by potentially conflicting behavioural decisions, fishes may partition 
resources given by different macroalgal elements (e.g., algae with different 
morphologies, different combinations of macroalgae, etc.). Results of this study 
indicate variation in the use of particular habitat.  This variation potentially 
reflects different adaptations such as feeding, and refuge from competition and 
predation. Since reef habitats are spatially and temporally heterogeneous, 
adaptations to particular habitat elements may lead to diversification 
(Wellenreuther et al. 2007; Wellenreuther and Clements 2008).  
 
7.1 Diversity of fishes on temperate reefs: the importance of spatial 
hierarchies  
 
Reef fish assemblages vary greatly at scales of 10s to 1000s of kilometres 
(Connolly et al. 2005).  Interestingly the abundance, richness and diversity 
(including evenness) vary as a function of spatial scale (Chapter 2).  At local 
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scales, for example, fish species diversity is better explained at smaller scales, 
whereas patterns of abundance and species richness can be explained at 
intermediate and larger spatial scales respectively.   
Canopy-forming kelp forests are important conduits for ecological 
processes and energy production on temperate coasts (North 1971; Steneck et al. 
2002) but these changes depending of the scale of observation (see Connell and 
Irving 2008).  It is necessary then to identify how processes are distributed at 
both local and biogeographical scales.  Researchers seek to relate ecological 
phenomena across scales and to estimate the extent and limits of the spatial 
generalization (Whittaker and Levin 1977).  This becomes highly important for 
conservation as it gives stakeholders a set of boundaries where management 
practices are successful.  
Explaining global patterns in species diversity has occupied ecologists for 
more than 50 years (Fernández et al. 2007; Jaksic and Marone 2007a). 
Contributions to the understanding of diversity patterns are at the community 
level where species distributions are coupled with resource use.  Spatial patterns 
in community structure are often coupled between habitat and the associated fish 
communities (Burgess et al. 2010).  Patterns of habitat use by species are known 
to be consistent throughout species’ distribution range (Wellenreuther et al. 
2008).  In Chapter 2, I explored the differences in the relative abundance of 
fishes in macroalgal habitats among three different regions. This chapter is 
descriptive and incorporates several concepts from macro-ecological theory. 
Importantly, this chapter indicates that different levels of spatial hierarchies 
(sites, locations, regions) act differently for species richness (i.e., colonization, 
speciation), abundance (perhaps related to the productivity of each particular 
  158
location and region), and diversity (proportions of species differ among sites).  
Traditionally, diversity studies have identified the persistent relationship between 
species richness (S) and the environment and how species partition the resources 
available (MacArthur 1957).  This allowed researchers to conclude that 
environmental influences shape populations, and permit them to co–exist at local 
scales.  
The comparative study of reef fish faunas performed in Chapter 2 showed 
that two or three families with dissimilar species dominate most reef fish 
assemblages at the surveyed locations.  The different identities may indicate that 
the observed relationship of diversity among macroalgal habitats is explained by 
the evolutionary diversification of lineages (see Ricklefs et al. 2004).  This may 
represent historic (i.e., phylogenetic) influences on ecological communities 
undergone by each location (Ricklefs 2006). Speciation among heterogeneous 
habitat and the scale at which generalities of patterns of diversity and abundance 
on habitats warrant further research (Ricklefs 2006).  This chapter is descriptive 
but it directed subsequent chapters to finer-scale patterns in species richness and 
abundance at different habitat heterogeneity levels.  
Using time series observations at different sites and seasons (Chapters 2 – 
4) I was able to identify variation in abundance and the proportion of species in 
relation to different macroalgal structures and other aspects of habitat 
heterogeneity.  These variations were attributable to different niche requirements 
in the use of macroalgal stands.  Other studies have reported different 
distributions and concentrations of food (small mobile invertebrates associated 
with macroalgae) among algal elements (Taylor and Cole 1994; Taylor 1998b), 
and different types of refuge provided from predators (particularly for recently 
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recruited fish) (Anderson 1994).  The provision of different “services” to fishes 
determines which habitats are capable of sustaining more fish species.  Not all 
macroalgal habitats have the same influence over fish occurrence, abundance and 
size distributions. For example, I found that macroalgal habitats composed of 
mixed canopies of laminarians and fucaleans harboured more fish and greater 
fish biomass. 
 
7.2 The effects of macroalgae on fish populations  
 
Both observational and experimental studies performed in this thesis 
enabled me to characterize fish species as: (i) “habitat specialists” whose 
abundance depended on specific algal structures, (ii) “habitat generalist” fishes 
that are not affected by macroalgal elements, and (iii) “macroalgal habitat 
avoiders” whose abundances were reduced by the three-dimensional structure of 
macroalgae.  This classification is important as it categorized fishes into different 
levels, thus their effects over the community of temperate reefs (distribution, 
abundance, composition) cannot be overlooked.  For example, the absence of top 
fish predators in kelp–dominated areas generate urchin barrens, consequently 
decreasing the habitat heterogeneity and productivity of kelp environments 
(Cowen 1983) I explored potential benefits to generalist and specialist fishes 
from kelp (see below) in Chapter 6 but further research could incorporate how 
different categories of fishes collectively affect community patterns.  
Experimental studies that assess the importance of macroalgae over the 
distribution, behaviour and abundance of reef fishes are well–documented in the 
literature.  Table 7.1 summarizes experimental manipulations conducted in other 
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temperate regions. A total of 21 manipulative studies showed that macroalgae (in 
its varying forms) could have important effects on coastal fishes.  Most of these 
experiments comprised removals of macroalgae.  Responses of fishes to removal 
were species–specific and varied throughout ontogeny.  Macrocystis pyrifera 
was the most–frequently manipulated large brown macroalgae, with removals, 
manipulations or additions performed in 7 of the studies.  This was followed by 
Sargassum spp. and Ecklonia radiata with 6 and 4 manipulated studies, 
respectively.  Spatial extents of manipulated patches also varied greatly. Lastly 
only 4 studies incorporated separated each year classes of fish with habitat 
associations. 
Although variable responses were evident from these studies, most of the 
fish species increased in abundance in the presence of large brown macroalgae. 
Feeding preferences or refuge from predators were the dominant explanations for 
the presence of fishes in macroalgae (Table 7.1).  Habitat manipulations in 
temperate regions are still scarce but useful for the understanding of the 
mechanisms that regulate composition of reef fishes in macroalgal-dominated 
environments. The scarcity of studies in temperate habitats, however, impedes us 
in classifying large-brown macroalgae as ‘essential’ habitat for the associated 
fish species. In the absence of macroalgal habitats, abundance and diversity of 
temperate reef fishes will reduce, and trophic structure will change.   
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Table 7.1  Summary of published experimental studies of the response of fish species to macroalgal habitats. Factor represents species that were 
either removed or added as independent treatment. Design represents the number of treatments/replicates and the scale of the study.  Duration of the 
experiments stated in months unless mentioned. Variable corresponds to observed dependent factor.  Main conclusions represented from results of the 
experiment only refer to references to main conclusions of the study. (Columns 2-4 Adapted from Cole & Alcock, unpublished data).   
 
N Factor  Design  Duration  Main Conclusions  Reference 
1 Removal of fucaleans and 
laminarians 3/3 sites; 12 by 10 m 12 
Only one species (Acanthaluteres vittiger) responded negatively to 
removal  (Edgar et al. 2004b) 
2 Addition and removal of 
Sargassum filipendula 
and Zonaria tournefortii  3; 20 x5 m 2 
Abundance was positively to associated to additions of S. 
filipendula only  (Levin and Hay 2002) 
3 Removals of macroalgae 
(Fucales and 
Laminariales) 
Indep. 2x2, 5x5, 10x10 
m. 11 
Scale and age-dependent. Total triplefin abundance was higher 
after removal (Syms and Jones 1999) 
4 Addition and removals of 
Sargassum filipendula  2/8; 1.5 m2 15  
5–, 3– fold increases in abundance and species richness 
respectively after addition of algae (Levin and Hay 1996) 
5 Density of S. filipendula  2/6; 1.5 m2 17 days Species-specific variation (Levin and Hay 1996) 
6 Combination of S. 
filipendula, turf as 
Dictyopteris and Zonaria  3/6,6,9; 1.5 m2 35 days 
8–fold increased in abundance of fish indicate selection of 
Sargassum rather than other algae  (Levin and Hay 1996) 
7 
Algal height  3/7; 1.5 m2 12 days 
2 fold increased in taller and 7 fold increase in taller than medium 
or small algae (Levin and Hay 1996) 
8 Removal Total, leaving 
understorey algae 3/2 sites; 28 m2 2 2 fold increased in understorey algae w/out kelp treatments  (Levin 1993) 
9 Removal of Ecklonia 
radiata 2/2; 2m2 3 
Bites increased of 15-20 fold after removal due to increase in 
foliose algae (Jones 1992) 
10 Removal and addition of 
Ecklonia radiata 2/2; 400 m2 2 Increased after removal  (Choat and Ayling 1987) 
11 Control, Macrocystis 
pyrifera harvesting  No; 50x10m  9 Depth differences associated with Kelp fishes. (Moreno and Jara 1984) 
12 Removal of blades of M. 
pyrifera No; 300 m2 2 
Adult kelp bass was lower when cover of algae was high. YOY 
increased the abundance after cover of fronds.  (Ebeling and Laur 1985) 
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Cont, Table 7.1 
 
N Factor  Design  Duration  Main Conclusions  Reference 
13 Density of M. pyrifera 
and Sargassum and other 
habitat. 3/2; 500 m2 8 
P. clathratus recruited only on M. pyrifera and positive 
association after a year old fish.  No effect on density (Carr 1994) 
14 Macrocystis canopy only, 
canopy and rock, bare 
rock No; 60-250 m2 3 5 of 9 species recruited only to M. pyrifera (Carr 1991) 
15 
Removal and addition of 
Macrocystis pyrifera 2/2; 150 m2 9 
3 fishes (Brachyistius frenatus, Heterostichus rostratus, 
Paralabrax clathratus) were more abundant over M. pyrifera 
while cryptic fishes were abundant in the absence of M. pyrifera (Carr 1989) 
16 Reef effects: M. pyrifera 
in combination with 
substratum type and sand  2/2; 8 m2 9.5 
Distribution influenced by M. pyrifera. Brachyistius and 
Heterostichus with kelp habitats. Paralabrax avoid open areas, not 
age-dependent (Carr 1989) 
17 Removal and addition of 
Gelidium robustum 2/2;  1 
3 fold increased in density after addition.  Recruits were higher in 
algae (Kelp+ Understorey) habitat (Holbrook et al. 1990b) 
18 Removal and addition of 
Gelidium robustum 2/4 2 days 
Density of E. lateralis was reduced by >50% after reductions in 
foliose algae.  Recruits were higher in algae (understorey) habitat  (Holbrook et al. 1990b) 
19 Turf exposure, Zonaria 
farlowii addition, no 
treatment, Sargassum 
palmeri addition NA; 4 m2 NA 
Increased activity (trespasses increased by 50%) after addition of 
Z. farlowii only. Age-dependent, more bite/min by juveniles on Z. 
farlowii.    
(Holbrook and Schmitt 
1989) 
20 Removal of Ascophyllum 
nodosum  2/2; 600 m2 5 
No differences between cleared and control areas.  Fish Biomass 
was greater in areas with macroalgae (Black and Miller 1991) 
21 Addition: M. pyrifera, 
Carpophyllum 
maschalocarpum and 
Cystophora retroflexa 9/4/2 sites; 4 m2  3 
Species and age-specific variation.  7 of 15 species showed little 
variation in abundance with macroalgae patches. Overall fish 
species richness increased with macroalgae 
Chapter (5); Pérez-Matus 
&Shima (2010) 
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7.3 Potential positive effects of fishes on macroalgal habitats: towards the 
concept of mutualism 
 
I have identified the importance of macroalgae to the abundances of some 
reef fishes. Fishes respond to different sources of variations in macroalgal 
attributes (Chapters 2-5). The presence of macroalgae in their varying forms and 
combinations may allow the partitioning of fishes into different niches. The 
population influence of a particular habitat element may set a series of feedbacks 
between interacting fish species. In the last chapter (Chapter 6), I used 
mesocosm studies to identify the influence of the most abundant fishes 
associated with different kelp structures on the density and behaviour of small 
grazers (while acknowledging the limitations that mesocosm studies have 
(Stachowicz et al. 2008)).  Mesograzers are small mobile crustaceans such as 
amphipods, which mostly feed on macroalgae and can have deleterious effects 
on algae (Duffy 1980; Duffy and Hay 2000; Haggitt and Babcock 2003).  
Experiments that scrutinize feedback loops among macroalgae, 
amphipods, and fishes are scarce in the literature.  Most studies of trophic 
cascade dynamics in subtidal environments have focused on the relationship 
between algae and sea urchins (Sala et al. 1998) and the importance of 
amphipods in macroalgae communities has mainly received attention in recent 
years (Davenport and Anderson 2007; Newcombe and Taylor 2010).  Positive 
indirect effects of fishes on grazers have been shown but most are represented as 
density-mediated effects: predatory fishes reduced the populations of grazers. In 
Chapter 6, I found that potential positive indirect effects on seaweeds are not 
only density–mediated. The mere presence of a predator can alter the behaviour 
of grazers leading to positive effects on macroalgae.  This study represents the 
  164
first evidence of potential positive indirect effects of fishes on kelp by both 
density and trait–mediated interactions.  The magnitude of positive indirect 
effects mediated by the predatory influence or by behavioural changes on prey 
may vary between systems (Werner and Peacor 2003; for a review).  Future 
work on the trait-mediated interactions should be incorporated in large-brown 
macroalgae systems.    
The data provided in this thesis motivates future research into the 
behaviour, ecology and evolution of possible mutualistic relationships between 
kelp (or other habitats) and their associated fauna such as fishes.  As opposed to 
competition and predation, mutualism is an interaction that benefits the fitness of 
two or more interacting organisms (Jaksic and Marone 2007b) and promotes 
coexistence (Schmitt and Holbrook 2003).  There are different kinds of 
mutualism such as commensalism, obligate mutualism (when two species 
depend from one another, e.g., species-specific pollinization of plants by insects 
(Ehrlich and Raven 1964)), competitive mutualism (when a species benefits from 
the competition of two other species, (Vadermeer 1980; Schmitt and Holbrook 
2003), and facultative mutualism which occurs when the benefits of one species 
do not depend on other species (e.g., dispersion of gametes and seeds by 
herbivores (Bustamante and Canals 1995)).  Understanding the costs, benefits, 
and fitness outcomes from mutualistic relationships between fishes and 
macroalgae warrants further research.  
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